Tempest transaxle driven by flexing shaft... see page 3 
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Now you cal 
in C/R End 


Chicago Rawhide now announces the 
availability of a complete new line of 
Standard End Face Seals to meet the 





widest possible range of sealing re- 
quirements. For sizes or conditions 
range of Standard End 
t engineers will con- 


beyond the 
Face Seals, Cc 
tinue to cooperate with you on special 
designs. Their experience in sealing 
applications is unmatched your as- 
surance of getting the correct seal for 


the job. 


Write for your free copy of 

this new C/R Bulletin ———> 
Bulletin EF-100 includes complete en- 
velope space data on C/R Standard 
End Face Seals and mating rings to 
help you select the correct size for 
your equipment design: 
table in 
— from *4 to 4 inch 


@ Size range two series — 
long and short 
shaft diameter. 
Size range table on mating rings. 
Typical for 


ternal and external pressure. 


seal installations in- 


Special instructions on how to order. 
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FEATURED: 


WHICH HEAT PROTECTOR FOR THE MOTOR? .. . F Yeaple, associate editor 


Comparison of sensing devices show advantages of inherent types 


BELLEVILLE SPRINGS GIVE BETTER BRAKES .. . T M Trainer 


The braking force continues constant after lining wears 


DIMENSIONAL STABILITY IN PRECISE PARTS .. . L McD Schetky 


Author explains causes of change, gives remedial steps 


DATA ON HUMAN ENGINEERING .. . J Kolb, associate editor 
A bibliography—what's available and where to get it 


QUICK CALCULATIONS: CORRUGATION STIFFNESS . E A Phillips 


Equations and graph locate neutral axis, find moment of inertia 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Corrosion blamed on sealing too well 

Soviets find “superductile” alloys 

Structure seen key to better ceramics. 

How “corrosion-resistant” metals may corrode 
Rubber is molded to finished size without grinding 


New pumps being readied for special service 
Brushless motor nears commercial introduction 
Thermal “motor” serves as fuzing device 

Ac load monitor detects changes of less than 1% 


New relay for printed circuits. . eo ' 
Better electrical insulation with new rubber compositions 
Spray-on ceramic resistors ready for use. 


Pontiac’s Tempest—bigger compact joins the field 


B-70 development program may be reinstated 
US Timetable for race into space 
Tunnel or bridge—Britain’s channel! decision 
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N.S. Savannah, built by New York Ship- 


building Corporation, can sail for three 


years on 138 pounds of nuclear fuel. A con- 
ventional ship would burn 80,000 tons of oil 


’round the world 13 times with fuel to spare 
...the first nuclear-powered merchant ship 


This is the Nuclear Ship Savannah, 
first of her kind. Capable of sailing 
over 350,000 nautical miles without 
re-fueling, she points the way to a 
new era intransport and travel at sea. 

Her uranium oxide fuel is pack- 
aged in tubes of Nickel Stainless 
Steel... more than 5,000 of them. The 
fuel-element cans that hold 
also made of this strong, 


these 
tubes are 
corrosion-resisting metal. 

Wherever you look, inside the reac- 
tor, almost everything is Nickel 
Stainless Steel. 200,000 pounds of 
it are used in the reactor area: for 
the lining of the reactor vessel, for 
the coolant pumps and tubing that 
circulate corrosive “hungry” water, 
and for the control rods inside the 
atomic pile. 

At the design stage, engineers antici- 
pated the high operating pressures 


1,750 pounds per square inch — and 
temperatures up to 508°F. They 
selected Nickel Stainless Steels to 
provide the strength and resistance 
to heat and corrosion needed to with 
stand these rigorous conditions. 

So the next time you need more 
from a metal, remember the N.S 
Savannah. Nickel Stainless Steel, o1 
another Nickel alloy, may be the 
solution to your problem, too. 

A note to Inco will bring you 
“First Steps Towards Solving Spe- 
cific Corrosion Problems” and “High 
Temperature Worksheet”. . . simpli- 
fied forms you can use to describe 
your metal problem. Perhaps our 
technical staff has information that 
will help you find the solution. 


The International Nickel Company, Inc. 
67 Wall Street New York 5,N.Y 


Inside the reactor nearly everything you 
see is Nickel Stainless Steel to withstand 
corrosion, high temperatures and pres- 
sures that hit 1,750 psi. Reactor built by 
Babcock & Wilcox Co., Barberton, Ohio 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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INTERESTING TO NOTE 


Pontiac—Cart Before the Car ing year Oakland’s 4-cyl Model K entered the market 


4 . It was an immediate success. When production jump 
On our cover—Pontiac ape oe . : 
from 275 to 1055 the first year, the new General Motor 


marks a Co, headed by W. C. Durant, bought a half-interest 
¢ ine ( " 1 . 
the Oakland Motor Car Co. That gave Murphy a healtl 


profit and General Motors a new division. The follow 


newest the l'empest 


driveshaft — design 


letails on page 64 For ‘ 1 } 
: ; vear production was up to UUU unit ind, by 19] 
the oldest model in this 2 aes i | 
: ; : 52,000 units 


of vehicles, vou’ve got , 
, 8 When Oakland’s low-pricec 


ro back to 1893. That 
- proved a big seller, man 


} ) 
he vear the Pontiac 


was 
: agement decided to con 
Buggy Co was Incorpo ° ; P 
centrate on ontia 

rated—to capitalize on the 
production — for several 


years.” In 1931, Oakland 
was renamed Pontiac Div, 


ipidly growing  carriag¢ 
trade Business boomed 
for nearly a decade. Then 
iutomobile fever hit the Detroit area. Som« 


lage manufacturers tried to weather the car fad—and 


producing a 6-cyl car 
the car u : 
his year will be the first 
time a 4-cyl Pontiac is to 


juickly went out of business. But Pontiac’s president, i 
be marketed » first Pontiac 


Idward M. Murphy, knew trouble when he saw it 
Not only was the carriage business failing, but auto 
nanufacturers were paying workers twice the wages they 


Brakes Win a Race 


ind increased cost of carriages, Murphy began weighing Some years ago, when Sir William Lyo1 


ould get building buggies. Faced with a decreased market 


his chances of switching to cars. He heard rumors that a of Jaguar Cars Ltd, noticed several large planes 

two-cylinder car had been designed and then rejected by on a short runway, he wondered how such 
adillac. The rumors proved correct; and Murphy acquired could stop so quickly. He asked a 

the rights to manufacture, or, to be more exact, to assembk craft had any special device that accounted 


1 horseless carriage from purchased parts. The company’s tive braking power. Sir William was 


name was changed to the Oakland Motor Co and by th« device, called a disk brake, had 
nd of 1907 Murphy was producing automobiles proving most 
ign did not prove successful, and the follow It didn’t 
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that line of 


might 


idding disk brakes to his new 
make the 
In 1949, an experimental sct of such brakes, manu 
factured by Dunlop & Dunlop, was fitted to a Jaguar 
sports car. Based on brakes 
big brak 
drum. But the 
difhiculties that 
tion of the hydraulic fluid, resulting in increased distan 


TCaliZ¢ 


racing 


cars difference between winning and 


losing 


the aircraft design, these 


showed Improvement over the conventional 


sn 
racing season of 1952 revealed certain 


had to be overcome. One was vaporiza 


of pedal travel, loss of braking efficiency, and shortened 


such shortcoming 


the 


comple tely 


By summer of following veat 


had been eliminated. Four Jaguars wet 


oT 
Prue 


equipped with Dunlop disk brakes and put into the 
ing, 24-hr. Le Mans 


these brakes paid off mighty well 


(France) rac \t one sharp turn 
Jaguar drivers found it 
feet from th 
150 mph to about 


brakes 


reserve lift 


possible to delay braking until only 1000 


t trom 


icceleration 
the ended, the 


even found to 


reduce 
When 


ind 


core! ve 


»0 mph rac were stl 


efhcient have a 


The 


proving 


wert 
is themselves won first, second and fourth plac« 
that winning a race also depends upon brake 
Disk brakes, now standard equipment on many Eur 
efficient 


irticle on 


ind 
The 


improvements in this mx 


pean automobiles, have proved safer more 


than conventional braking systems pag 


62 describes further hanism 


This Holmes Found Clues in Photos 


Human engineering is a relatively new term to describ 


old function of design Unfortunately. considet 


man hav rashed 
feath« l 


button 


planes 
faulty 
The re 1S 


supe ricia 


cngim 
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1} 

practica 


even a under 


would not uab 


ists the 


pro' i 

] 

mor 

nformation 
The hirst 
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ondu 


n pny 


\W iT Holme 


bother bv the fa 
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on, and 


he fo! 
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Though photography was in 


: , 
puLldacr 
Holmes managed to stud 
motion and d 
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monstrated, 


nd foot 


when 


: 
inadvertently pushed the 
no arca of design in 


standing of 


Che bibl 


iscful arm 


nto 


nginect 


WOTAI 


ts crude 


hundreds of prints 


for 


reated 


1 pilot reaching to 
wrong 
which 
human engineering 
iography on pag 7] 


| significant printed 


human 


engineer 


but bv th 





mK 


wet-plate then 
rmcn 
how 


the firs 
1N¢ ( 1 H 


of the human 


element 


n product 


de sign 


n been 


an afterthought 


Chis has proved 


has toc 


Mmno% 


ne 


quit 


and sometimes disastrous for the human 


No one 


tin man opcrating 


machine will ever know. for example, how Benepict A LEERBURGER 


NEXT WEEK IN PRODUCT ENGINEERING 


Medicine Consults the Engineer 
Now, many doctors say, the time has come for engineers to lend a hand 


Here’s a look at new medical equipment, and what doctors still need 


Survey of Encapsulating Systems 
An introduction to the subject, plus an up-to-date comparison of the basic 


systems. 


10 More Ways to Save Money With Lanced Sheetmetal Parts 


First half of this series appeared in last week’s issue 
Four-bar Linkage Proportions 
Given two points, determined by the length of stroke you want, this chart 


quickly and accurately locates the other two 


Design Piracy’s Effect on Product Sales 


Four industrialists present their point of view 


PRODUCT ENGINEERING + SEPTEMBER 12, 1960 





In the Lancer Whiteprinter, «= 
Flexible Tubing 


1...provides suction to 
separate originals from 


prints... 


conveys air 
for cooling... 


oe 


~, 
exhausts 
heat and 
fumes 


, ee 


Proof that Flexible Tubing can solve a wide range of design problems 


Copymation, Inc., designers of the LANCER Dry 
Process Whiteprinter, had to solve three tough air 
handling problems: how to provide suction... how to 
convey air for cooling... how to exhaust heat and 
fumes — all in a very limited space! 

Solution to all three problems: a rugged nonmetallic 
duct with a wire helix — Flexible Tubing’s “Flexflyte.” 
Flexflyte is air tight and non-collapsing — provides 
strong, continuous suction for separating originals 
from prints. Flexflyte is lightweight and highly flexible 
— easily conveys air through cramped areas. Flexflyte 
is flameproof and corrosion-resistant — safely exhausts 
heat and fumes. Perfect example of the design problems 
solved with Flexible Tubing! 


+ Flexible Tubing 


CORPORATION 


Anaheim (Los Angeles) * Guilford, Connecticut 
Hillside (Chicago) 
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If you work on any kind of original equipment involv- 
ing the handling of air, liquids or light solids, there’s a 
Flexible Tubing product that can do the job! It’s at 
work today in electronic computers, vacuum cleaners, 
farm combines and hundreds of other places. Consult 
your factory-trained Flexible Tubing regional sales 
engineer. He’ll be glad to give you technical assistance. 


FLEXIBLE TUBING CORPORATION 
109 New Whitfield St., Guilford, Conn. 


Gentlemen: 

I'm designing a new product []. I'm redesigning an old one []: One 
of my problems is the handling of air () liquids [) light solids [ 
Could be Flexible Tubing can help me solve them. I'll give you 10 
minutes to show me, to prove it. Phone for appointment []. No prob 
lems right now. Send me literature for my files [). 


NAME 
COMPANY 
ADDRESS 
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Better electrical insulation with new rubber compositions 
Butyl rubber insulation, stronger and more stable over a wider range of conditions .. . 
ethylene-propylene copolymers with excellent heat-, chemical-, and ozone-resistance 
[hese were among the improved wire-coating and molding materials described 
at this week’s ACS meeting. 

Ferdinand Rodriquez and Charles Winding of Cornell U reported that addition 
of polyethylene or polypropylene to clay-loaded butyl rubber insulation can extend its 
range of usefulness without impairing its electrical stability. Aging of such composi- 
tions at temperatures to 250 F actually increased rather than decreased their tensil 
strength; and electrical properties were maintained even after a year’s immersion in 
195-F water. 

ests of ethylene-propylene copolymer rubbers, Hercules Powder researchers say 
show them to be “inherently stable chemically . . . and many times more ozone- and 
weather-resistant than nitrile rubber, SBR, and natural rubber, and considerably better 
than butyl rubbers.” However, they admit, further work is needed. Tear strength 
is only about 70% of natural rubber and building tack is poor at room temperature 


Corrosion blamed on sealing too well 
Seals can be almost too efficient, the Navy’s Bureau of Ships points out. When 
a full hermetic seal is not possible or desirable, it may be better to settle on a moderately 
efhcient rather than a nearly perfect system. The reason: The nearly perfect system 
lets moisture in, but can’t let it out; and that leads to corrosion. ‘The not-so-perfect 
system admits more moisture; but also permits freer air circulation and lets the assembly 
dry out between wettings. 

In one recent instance, redesign of electric cable stuffing and terminal tubes to 
eliminate a plastic sealing collar not only saved a good deal of money, but also consid 
erably reduced internal corrosion. 

Metallurgists, too, have made similar findings. Inco notes, for instance, that 
shielded metal screen may corrode more than that fully exposed to rain, sun and 
wind. The reason again: shielding prevents evaporation of the moisture that does get 


in and so hastens corrosion. 


New relay for printed circuits 


\ permanent-magnet relay that “‘re 


quires no adjustment, mounts directly 

on a printed wiring board, and may | , 

be installed by conventional auto- | i S, Z 
matic-component insertion tech- | | 


| ; 
niques” is being introduced by Exec “ <1 








utone Inc f | ) 
“a i 
Executone says the unit is lighter | . 
weight and smaller than comparable 
commercial relays and “results in sub 


stantially lower assembly costs.” ‘The 


eS 
fully encapsulated unit snaps into . i 
place with the aid of a bracket (se 2 5 
diagram) and makes contact direct) Ss ©. 
on the printed conductor. It’s adapt < 
ible to single and double-throw one-, © a 
two- and three-pole layouts, has a con \ 
lif it 24 volts dc) of 5 million 
les (min lhe t material 


s bar palladium; power consumption 


300 mw: dimensions, § by ¢ by in 
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Special designs from service tested components 


2 Decco industrial quality D.C. solenoids embody the same experienced engineering, 
high quality construction and dependability of performance as the well known Decco 
A.C. line. 

Decco D.C. units are NOT just D.C. modifications of A.C. units! They are specially 
engineered and constructed to meet the unique requirements of direct current operation. 

Decco D.C. solenoids are of the highly efficient, compact moisture resistant cylindrical- 
type, single-wound or double-wound with internal switch. They are available in a wide 
range of force characteristics and stroke lengths. 

Decco engineers will gladly advise you on your solenoid problems. Many unusual 
requirements have been filled, at nominal cost, by adaptation of our standard units. Specials 


will be built to your specific needs. Write for catalog 59] 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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DEVELOPMENTS TO WATCH... 








continued 


Spray-on ceramic resistors ready for use 

Vitreous enameled resistor compositions, which can be fired onto ceramic dielectric 
bases to form “an electrical resistance of readily reproducible value,’’ have been 
developed by DuPont and are slated for early commercial introduction 

Key to the development is palladium powder, added in amounts of 8 to 27% by 
weight, to the basic enamel composition. Almost any glass frit may be used—silica, 
borosilicates, or combinations thereof—and the composition may be applied to the 
base by brush, spray, or silk-screen methods. Adding a small amount of silver helps 
stabilize the voltage and temperature values. When the enamel has been applied t 
the base—by squeegeeing through a silk-screen stencil between two silver conducting 
elements, for instance—the unit can be fired on a 30-min. cycle, with a peak tempera 
ture of 1400 F being required for only about 3 min 

Resistances as high as 800,000 ohms have been obtained 
tions that provide resistances from 40,000 to 60,000 ohms 


at 200 v de on the order of 2.5 ind temperature 


0.1] o OVCI the 6U to 


Brushless motor nears commercial introduction 
\ dc motor without brushes, slip rings 
Dalmotor Div, Yuba Consolidated Industries 
be in full production by end of the year 
According company, the motor 
in motor siz re are only + major part 2 transistors, a ro id irmature 
Furthermore, says Yuba, motor speed « | ried thr 


| te 
Picd 


n range, and 


small units can be operated up to model, the OD 


is 3 in.; the length, 24 

Dc flow is commutated by means of 
oscillating system in which the winding on the mot 
here is no Dal ré Speed 1 controlled by 


ipplication Te 


New pumps being developed for special service 


Pumps that w handle liquid 


\jax | 


Huminum 
how 


But 


Thermal “motor” serves as fuzing device 


From 1 ngineers comes a simpk 


dichloro 

rce may b 

the aerodynami predictable 
thermal supply 

Ihe device, as applied to detonation missil ; n patented and assigned 

to the Arm he patent number 9 ors of the device are J]. M 


Meek and R. W. Warren ARG 


PRODUCT ENGINEERING - SEPTEMBER 12, 1960 





Soviets find 
“superductile” alloys 


lo the of 
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perature can 
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Structure seen key to 
better ceramics 
\ m ipline 


counterpal to 


physical cet 
physical 
is foreseen by J. FE. Burke 
Electric Research Lab 
Noting that changes in 
lic of 
important deve lopm¢ nts in ceramics 
Gk’s La 
mina, and pyrolitic graphite, 
he 


developments 


metaliurgy, 


& ¢; 


ture behind many the 


wn icalox”’ translucent alu 


for ex 
predicts many 


this 


more 
ot 


ample 


based on line 
rescar h 


Tests 


whisker 


tal 


ten 


alumina — single-cry 


nstance, indicate 


sile strengths on the order of a mil- 
lion psi can be achieved by producing 
defect-free Lucalox _ itself 
“super” proper 


material. 
Its 
ties are traceable to its pore-free struc 


points the way. 


ture, while pyrolitic graphite’s high 
strength and density are a result of its 
stacked or laminar structure as com 
pared to the normal, amorphous form 
Biggest need right now, Burke says, 
for more data on such 


” 


mobility, electrical conductivity, 


“metallurgi 


characteristics as dislocation 


and 


magnetic structure 


How “corrosion-resistant”’ 
metals may corrode 


Under normal conditions, stainl« 


+ 


eels are indeed resistant to corrosion 
But, R. P. Wentworth, a J R Bis! 


1Op 
metallurgist, points out, stainless 


in and do corrode quite 


\mong the sources of trouble: fr 


fatigue, stress corrosion, contact o1 


revice corrosion, pitting, galvanic and 
attack, 


ittack by liquid metals and salts 


troy 
id\ 


current cavitation, and 
Crevice corrosion is a good examplk 
if the type of atta 
voked Stainless 


tands 


k that may 
unless 

quite high in t 
It 


than « 


ries is only shghth 


OSITIVE irbon stec 


» than lead, tin, or ni 


) ’ 

Passivated stainless, 
] 

, Is electronegative 


Thi¢ kel 


But stainless is passivated 


1 ind 
vassivated 
OTLI\ l 
When 


meta 


t has a free supply of oxvgen 


iere are crevices, or when th« 


n close contact with another mate 
rial, and pitting 
may occur quite rapidly. Most resist 
of attack 


denum-bearing alloys lik« 


oxygen cant t in 


r¢ 
i 


molvb 
314 
Also frequently overlooked: the co 


int to this type 


tvp 


rosion fatigue that may set in when 
tainless steel equipment is flexed, vi 
brated, or subjected to thermal ex 
pansion and contraction. Under thes« 
conditions, the metal may corrode in 
the presence of chemicals that would 


itt ick 


he iViIcr 


not normally cause significant 


The design solution: use Se 


tions or stronger reinforcements t 


minimize flexing, or provide vibt 


tion-absorbing mountings 
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Indium to improve 
magnesium 
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Remembered 
for Performance... 


CIRCLE 10 ON READER SERVICE CARD 


CYMEL 


MELAMINE 


BEETLE 


UREA 


PLASTIC 


CYANAMID MOLDING COMPOUNDS 
SELF-EXTINGUISHING ® HIGH ARC 
RESISTANCE @ DEPENDABLE ELECTRIC 
PROPERTIES UNDER ADVERSE CONDI- 
TIONS ® EXCELLENT ABRASION- 
RESISTANCE @& CHEMICAL RESISTANCE 


CYMEL 3135 — 3136 (glass-filled) Additional 
distinctive properties: outstanding electrical 
properties; high impact resistance; extraor- 
dinary flame resistance; good dimensional 
stability. Typical applications: circuit breaker 
boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 
3135 (MMI-30, MIL-M-14E, Federal L-M-181 
Type 8; ASTM D704-55T Type 8); Cymel 3136 
(MIL-M-19061, MMI-5). 


CYMEL 592 (asbestos-filled) Additional dis- 
tinctive properties: resistance to atmospheric 
extremes; high dielectric strength. Typical 
applications: connector plugs; terminal 
blocks; a/c, automotive and heavy duty in- 
dustrial ignition parts. Specifications: 
MIL-M-14E MME; Federal L-M-181 Type 2; 
ASTM D704-55T Type 2, SP! SPEC NO. 27025. 


CYMEL 1077 (alpha cellulose-filled) Additional 
distinctive properties: Surface hardness, heat 
resistance, unlimited color range. Typical 
applications: appliance housings, shaver 
housings, business machine keys. Specifica- 
tions: MIL-M-14E — Type CMG (in approved 
colors); Federal L-M-181 Type 1; ASTM D704- 
55T Type 1, SP! SPEC NO. 30026. 


CYMEL 1500 (wood flour-filled)—CYMEL 1502 
(alpha cellulose-filled) Additional distinctive 
properties: Good insert retention. Typical 
applications: meter blocks, ignition parts, 
terminal strips. Specifications: Cymel 1500 
(MIL-M-14E Type CMG, Federa/ L-M-181 Type 
6, ASTM D704-55T Type 6); Cymel 1502 (MIL-M- 
14E Type CMG, Federal L-M-181 Type 7; ASTM 
D704-55T Type 7. 
BEETLE® UREA (alpha-filled) Additional dis- 
tinctive properties: Economy of fabrication, 
economy of material, myriad translucent and 
opaque colors. Typical applications: wiring 
devices, home circuit breakers, tube bases, 
appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1 
(Arc resistance limits are in process of 
revision by ASTM), SP! SPEC NO. 27026. 
WRITE FOR COMPLETE TECHNICAL DATA. 


a <wWANANII YD > 


AMERICAN CYANAMID COMPANY «¢ PLASTICS AND 
RESINS v ON . 30 ROCKEFELLER PLAZA-— 
NEW YORK N. Y¥. OFFICES IN BOSTON « CHARLOTTE 
CHICAGO « CINCINNATI « CLEVELAND e DALLAS e DETROIT 
LOS ANGELES « MINNEAPOLIS « NEW YORK « OAKLAND 
PHILADELPHIA « ST.LOUIS « SEATTLE « IN CANADA 
CYANAMID OF CANADA LTD., MONTREAL AND TORONTO 
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with capacities to 50 hp! 
LINK-BELT 


VARIABLE SPEED DRIVES 


All-metal drives use single-roll chains 
to achieve positive, stepless, infinitely 
variable speed control 


With a unique chain design and force lever sys- 
tem, Link-Belt RS P.I.V. drives represent a major 
advance in direct-drive variable-speed transmis- 
sion. It’s the most compact mechanical 50 horse- 
power variable speed drive on the market. 

Twin strands of high-load capacity chain oper- 
ating between opposing conical wheels permit 
extreme compactness. The effective diameters of 
the wheel faces are altered during operation, 
changing their ratio and the output shaft speed 
accordingly . . . providing smooth, positive, accu- 
rate speed adjustment between maximum and 
minimum settings. Constant hp or torque is main- 
tained over the complete speed range. 

Link-Belt RS P.I.V. drives are all-metal and 
pressure-lubricated. Capacities to 50 hp, with 
speed variation ratios up to 5.5:1. For full details, 
contact your nearest Link-Belt office. Ask for new 
Catalog 2874. 18,967 


s &e Be VARIABLE SPEED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chi- 

cago 1. To Serve Industry There Are Link-Belt Plants, Ware- 

houses, District Sales Ofhces and Stock Carrying Distributors 

in All Principal Cities. Export Office, New York 7; Australia, 

Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro 

(Toronto 13); South Africa, Springs. Representatives Through- 
out the World. 
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FROM WASHINGTON ... 


USAF wants to reinstate B-70 as full “weapon system” project 


North American Aviation’s B-70 development program may be reinstated as a 
complete weapon system. This would mean partial resumption of important Air 
Force subcontracts for development of the plane’s subsystems. Among thos¢ 
terminated in last year’s Pentagon economy drive: Beech’s alert pod subsystem, 
[BM’s bomb-navigation subsystem, Sperry’s auxiliary gyro platform, Westinghouse’ s 
defensive subsystem, Autonetic’s automatic flight control subsystem. 

Right now, the project involves only construction of two stripped-down proto- 
types of the Mach 3 aircraft for flight testing. Ihe Air Force wants to resume as 
much of the subsystem development as limited funds would allow, is reportedh 
willing to hold back work on the second prototype 

The issue has come to a head with the Administration’s decision to spend half 
the $200 million extra, voted by Congress, for B-70 development. ‘his brings the 
project's total budget for the year to slightly over $200 million. ‘he Administra 
tion’s decision, as it now stands, is aimed to speed delivery of the two stripped-down 
B-70 prototypes. It does not involve resumption of subsystem work. But ther« 
considerable support in Washington for the Air Force's plea. Odds are stron 


for a switch in the Administration's policy 


Defense R & D contracting rate hiked to record $4.5 billion 


Military contracting plans for research, test, development, and evaluation 
been revamped for the new year to total $4.5 billion. ‘This 1s a $496-million mereas¢ 
over the initial schedules submitted to Congress in January. Next to the B-7| 
the largest beneficiary is the Air Force’s SAMOS reconnaissance satellite proj 
which will be accelerated by 25% 

Coincidentally, prodded by congressional small-business boosters, the Defens« 
Dept is pushing for a heavier volume of military research and development con 
tracts to smaller firms. In fiscal 1959, which ended last June 30, the militar 
services awarded R & D contracts to 544 small companies, an increase of 76 ove 
the previous year. Of this total, 307 of the firms received defense R & D award 
for the first time. Still, the total added up to only about 34% of the value of al 
R & D contracts placed last year ($4.3 billion worth 

Ihe Pentagon has ordered small-business specialists assigned to major R & D 
contracting centers to bring facilities of qualified smaller firms to the attention 
of contracting officers. So far, the Air Research and Development Command 
and the Army Ordnance Corps have set up the most successful program 


hay 


Army's Pershing missile shown to NATO 


he Army conducted a static demonstration of Marti hort-range Pershing 
ballistic missile for NAVO commanders in Germany last month Chis was th 
latest round in the new interservice squabble over which US missile to supply 
NATO 

NATO wants a solid-fueled missile with considerable mobility—capable of 
launching from fixed bases, trucks, tracked vehicles, barges or trains. ‘lhe requir 
ment calls for a missile with self-contained all-material guidance and a warhead 
for use in either tactical or strategic missions. Operational target date: 1963; 
range: up to 1200 mi 

The Pentagon’s initial reaction was to offer NATO a modified version of Navy's 
Polaris. Now the Army and Air Force have gotten into the act. Navy offers a 
heefed-up version of the Pershing; the Air Force, a crash program to develop a 


new tactical ballistic missile, now under study by Acro-Space Corp 
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FROM A HOME WASHER HOSE 





TO A CALDRON FOR CLOTHES 


WHENEVER CUSTOM-MADE RUBBER PRODUCTS ARE CALLED Firestone Industrial Products Company 
FOR, CALL FOR YOUR FIRESTONE TECHNICAL SERVICE MAN | Noblesville, Indiana 

that regulates water flow without blockage WE'D LIKE TO TALK TO YOUR FIRESTONE 
TECHNICAL SERVICE MAN WITHOUT COST 


rubber ' OR OBLIGATION. 
rFME ‘ 


From home-laundry recirculation hose 
to giant hydraxator bags for commercial laundry use, count on your Firestone 


and production answers in custom 


s specialty. He'll analyze your speci- 


Phen he'll put Firestone’s 


lechnical Service Man for design 


applications. Custom-tailored plans ar 
fications expertly and make pr« rendations 
omplete custom rubber and rubbet production at pour service 
birestone extensive engineering at facilities will help you develoy 

luct designs to fit your requirements And Fir 


the exact compounds and produ 
high-volume output at 


mass-production facilities del 


Man can offer you 
offices today 


estone Tire & Rubber Company 


Firestone Industrial Products Co. ¢ Noblesville, Indiana 
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HELPS THE HAND THAT SHAPES THE F 
l, 


4 


Castell 
adds 


to creative 
imagination 


A man sits at a drawing board. 
The CasTELL pencil in his 

hand is almost an extension of 
the man himself—as his gray 
matter is translated into 

the gleaming black shape of a 
new bridge—for Africa. In 
other lands other creative 
craftsmen with CASTELL pencils 
conceive hydroelectric plants 

for India, low-cost dwellings for 
England, hotels for the 

Middle East, jet planes for the 
United States. CASTELL is 

the partner of progress the world 
over. Its unquestioned 
superiority is one of the immutable 
facts in a creative man’s life. 


#9000 CASTELL Pencil with world’s finest CASTELL Rubberiess MAGIC-RUB ERASER sooks up graphite without abrading drawing surfaces, 
natural graphite that tests out at more than ond residve rolls off. Leaves no “oil” stain or “ghost.” Tests highest in ease of use, line removal 
99% pure carbon. Exclusive microlette mills and non-smudging. Tests first on Cronor and Mylar base films. For all papers and vellums. 
process this superb graphite into a drawing 

lead that lays down graphite-saturated non- #9800SG CASTELL LOCKTITE TEL-A- #9030 CASTELL Refill Lead, matching 
feathering lines of intense opacity for GRADE Holder, perfectly balanced. light- exactly #9000 pencil in quality and grading, 
cleaner, more durable originals and clearer, weight, with new no-slip functional grip that degrees 7B to 10H, packed in revsable 
sharper prints. Extra strong lead takes lightens finger pressure without slipping, plastic tube with gold cap. 

needlepoint sharpness without breaking or and relieves finger fatigue. Unique degree Many other styles and colors of CASTELL 
splintering. Smooth, 100% grit-free consis- lead indicating device. Pencils Holders and Refill Leads. 

tently uniform pencil after pencil, in full 


range, 8B to 10H. A.W.FABER-CASTELL 41.47 Dickerson Street, Newark 3, N. J. 


#9007 CASTELL Pencil with Eraser. 
CASTELL Pencils and Leads draw perfectly on 
all surfaces, including Cronar and Mylar 


bose films. Gives graphite-saturated lines, easy to 
erase, no ghosting — excellent reproduction. 
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THE ENGINEERING WEEK 


The Timetable: Our Pace Into Space 


NASA 
Wasnincton—-As the US _ push« cal laboratories weighing a to 
head in the race to explore and us« more; and—only 7 vears awa\ pace pace agen 
outer space, this becomes increas payloads of 25 tons or so s are planned ov 
ingly clear Design engineers hok The timetable for these launching U-VI ri (he mission 
the key to how fast and to what is closing in on the space officials 10 like thi 62 launchi 
legree our nation can achieve the am ind they are pleading for help so that he development of launch 
bitious space program now \ the they don’t become the bottleneck that scout, Centaur, Saturn 
drawing board will keep the satellites from leaving tl 1 | to manned space 
Putting a man-made object into the launching pads on time oO! ientific satellites; 33 
pace has become 1 commonplace con Before end of the vear, efforts w 
ept after only a couple of years o1 be made to achieve the first suborbital 
» of intensified effort. Now, the flight of an astronaut 
National Aeronautics and Space Ad Active and passive communication 
ministration—and the mnilitarv§ serv experiments are being tested. NASA 
whole fleet of projects will evaluate the results to devise th 
go further than just best system suited for commer 
into orbi The operations 
sophisticated f , ( wo space laboratories are 11 
llites once the | ( n the NASA program—ofhciallh 


mments of space irbiting geophysical | 


observatory and nto space w 
setween the drawing board in orbiting astronomical observatorn Project Mercut 
these goals li gulf o Each will weigh around 3500 Ib and in attempt to 
requirements for new designs, engi be about 10 ft dia. Space payloads nstrumented 
necring techniques and technical ad will 1 from the 100 or so pound 1unching 


] 1.) 
lo make sure the problem 


ed, and on schedule, NASA Fuel Cell Boasts Fabricated Electrodes 

plans to spend some $12 billi ( 

$15 billion ver the next 

with about 75 of the mone\ 

to industry, universities and nonpront 

ganization tab] 
Chat, too expected 

the beginning as the US 

the era of such thing 

manned laboratories 

back: of landing o e moon; and 
f making rpl tarv exploration 
Projects scarcely worth a mention 
couple of years re now hrm 

ght, en 


gines available, and $] billion 


with engineering clearly in si 


ir to finance it all 
lor example, NASA will build and 
launch a 3-man spacecraft to orbit 


the moon and return; a mobile labora 


ory to be landed on the moon: and 
space probes to orbit Mars and Venus 


land instrumented capsules there 


More prosaic projects include plac 


ind 


ing meteorological earth satellites up 


in numbers; a dozen “passive’’ com Another fuel cell development program—this one by Shell International 


munications satellites to reflect radio Petroleum Ltd—unique feature of the 20-cell unit shown here: its highly activ 
ind TV signals from any point on fabricated electrodes. Though the company declines further details, researc} 
earth to any other point; active satel has apparently shown that conventional views on how electrodes operate ar: 

incorrect. This cell is producing 50 watts at 77 F. It uses either acid or alkali 
for electrolyte; and hydrogen and oxygen (or air) at 3 psi for fuel. Shell engi 
neers believe that power-weight ratios of 50 w/lb will eventually be possible 


lites which will receive and resend 


sages; geophysical and astronomi 
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ENGINEERING WEEK 


ENGINEERING FACES THESE SPACE JOBS 





Project Requirement 


Solving problems of launch dynamics and wind-shear re- 
sponse for future launch vehicles that will be as much as 
200 ft long and weigh over 1 million Ib. 

LAUNCH VEHICLES Associated problems include flutter, noise vibration, and 
the problems of materials used in structures for operation 
at very low cryogenic temperatures. 

Anti-sloshing devices for large fluid masses that will be 
set into motion by turbulence in the atmosphere 





Protection against meteorite impact. Ability to operate 
long periods of time in vacuums. Protection against particle 
radiation, both from standpoint of structural damage and 
SPACECRAFT - ° 
protection of human passengers. 

Temperature control and development of techniques for 


expandable structures. 


Thermal protection to dissipate the large kinetic energy of 
REENTRY VEHICLES an orbiting vehicle. Solving problems of aero-thermo 


elasticity and flutter for winged reentry vehicles such as 
Dyna-Soar 


BASIC MATERIALS 
RESEARCH 


Develop materials for solid-propellant rocket capable of 
resisting erosion and combustion temperatures over 6000 F 


New rocket-engine configurations to give higher over-all 
vehicle performance. Improved operational procedures 
equipment design, and fabrication techniques. A design 
improvement area of particular interest is in area of im 
proved pump inducers to lower tank-pressurization require 
ments. 

Improved _instrumentation—flow, pressure, thrust—and 


ADVANCED ROCKET 
ENGINES 


other devices to meet the particular requirements of 
space-rocket testing. Reduce the inert weight of rockets 
to the point where solid propellants account for about 
96% of the weight (now at the 90% level). Further reduc 
tion would increase stage performance as much as 25% 
Design solid-propellant rockets with attitude and velocity 
controls as auxiliary systems and not part of the main 
rocket system as now 


Radiation protection on nonnuclear components subjected 
to low temperatures of liquid hydrogen, and development 
NUCLEAR ROCKETS 


of measuring instrumentation and fundamental studies o* 


hydrogen flow through jet nozzles 


Controls suitable for high-temperature, high-heating-rate 
ANTI-ICBM 


environments 


Equipment for the remote return of a lunar surface sample 
A mobile laboratory to be landed on the moon and have 
MOON MISSIONS the capability of exploring terrain over about a 50-mi 


area. Propulsion techniques for such mobile surface-ex 
ploration vehicles 


Design three-man space laboratories. Design space modules 


that could reenter earth’s atmosphere at about 36,000 ft 
MANNED. SPACE 


FLIGHT 


per sec, withstand the severe heating encountered at these 
velocities, and be statically stable over the entire speed 
range from 36,000 ft per sec to a landing speed 


which will have capability of putting 
1 9000-Ib payload into orbit. 

In 1962, first launchings will be 
made of a two-stage Saturn. Even 
tually, the Saturn will have the capa 
bility of putting satellites weighing 
nearly 10 tons into near-earth orbits 
ind some 1500 Ib of pavload on the 
moon 

During 1963 and 1964, the first 
launchings of an unmanned vehick 
for controlled landings on the moon 
ind the first launching of an orbiting 
istronomical observatory will be at 
In 1964, NASA also plans 


to launch the first unmanned vehicl 


tempted 


to circumnavigate the moon and re 
turn to earth; and make first attempt 
for reconnaissance flights to Mars or 
nus by unmanned vehiclk 
the first flight test of 
second-stage vehicle will be 
Contract negotiations started 
veek with Lockheed Aircraft 
he Martin Co and the Rocket 
Div of North American Avia 
for initial studies on flight 
ng a nuclear rocket engin¢ 
In the 1965-1967 period, the agenc 
plans the first launching in a program 
that will lead to manned circumlunar 


ind to near-earth space sta 


70, the space experts pred 
ll be able to have manned 
landing on the moon 
turning to earth 
lo accomplish the impr 
program will cost between $12 
$15 billion over the next decade 
nual expenditures are expected 
round $1.5 billion in 
ir or so. This vear, Coner 
the space agenc\ 
75 of the NASA monev 
industrv, universities and non 
organizations, space administra 
Keith Glennan savs . 


Charge Marketing Fraud 
To Japan TV Industry 


Cuicaco—Ross TD. Siragusa 
ent of Admiral Corp 
Japan ¢ radio merchandiser 
ittempt to delude_ the American 


public with highly questionable mat 


h irged 


t 
keting practices for Japanes¢ radios 
As evidence, the US business ex 


utive cited the case of a brand name 


for Japanese radios called Americana 


imnounced bv a Tok firm * 
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HERE’S HOW BRITISH TERMINAL FOR THE CHANNEL 
TUNNEL MAY LOOK. A—main railway line, B—main 
station building, D—car parks, E—main road from France, P 
roundabout to customs 
private autos, J 


roads, C 


fly-over, F—main line to tunnel, G 


and toll buildings, H—has 50 booths for 


° 
.., 
— 
ll 


forms, M 


Tunnel or Bridge? Britain Compares Channel-crossing Plans 


lonpon—If political and financial ol 


jectives can be overcome, two parallel 


me-wav tunnels will link rail trafh« 
English Channel 5 


y 
4 


mom 
have been 


Channel 


the matter 
by Parliament 
for approy il 


yect are 5U 


ymplished with 


g techniques 
plans cons dered, 


1 pair of concrete main tun 
| through a virtually un 


broken stratum of impermeabl chalk 


Ashford 


Kngland and Calais im 


Proposed 
Kent, in 
lrance They would be 44 


by tunnel, with tunnel 


end-points ar 


ipart 


ind four connecting 
junction \ 


internal dia 


} 
tory 
Curie 


wou d h« 


ihead, between and a 
he main tunnels during 
Initially, it would serve 

strata through which the 
two main tunnels would pass, later, it 


ve for drainage and main 
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tenance Lining for the main tunnels 
would be 15 in. thick, the servic 
tunnel 6 to 9 in. Longitudinal sec 
tion of the tunnels would be in the 
form of a W 

The undersea high point would be 
ibout 125 ft below the sea bed 
ibout 275 ft below sea level 


gall Tics would drain 


drainage g 


from the low points toward each coast 
Railroad tracks would be built on bal 
last above the drainage tunnel. Train 
would be electric, powered by 2500 

it is expected that their ram 
effect would provide sufficient fresh 
ur. Gradients would be less than 
10:1000 and 


curves would be 3937 ft 


minimum radius f 


Another plan calls for an immet 


ble tube, would need 4 vears and cos 
Prefabricated 
lengths would be towed to the work 


the 


round $316 million 


ng site, a trench dredged in 
bottom, the base filled with b1 
stone, and the tube lowered 
trench would then be filled. (¢ 
struction problems are more serious 
It would be extremelh 
) 


long lengths 


with this plan 
difficult to dredge and lay 
of pipe in a waterway with fierce 


rent and subject to heavy fogs 


} 


rail length’s settling as little as 


in. could cause a train derailment 


Ihe third plan, a bridge 


s perhaps 
is perhap 


bridge, K—ramps 
special 


customs building, 


waiting area, to be 


2 


to loading platforms, L—loading plat 
side-loading wagons on train, N—track 
ramps for incoming cars, Q 


incoming 


commercial-vehicle platform, and S 


used in event of bottlenecks 


the | st practica Py post 
time W the first pl 
but cost is a proh bitive 
Besides the problem 

fog while building the 
shed bridge would 

hipping Specificati 
dg« with 142 p 

nt minimum he 
170 ft benea 


ft 


ibout 110 ft 


Nick Landon, London Bureau 


R & D Continues to Boom 
in Washington Area 


\W ASHINGTON—A ti 
panies and other 

R & help 1T« 
Metropoli Washington 
l'rade’s second * irector 
Organizations Conduct 
ind Development | 


naires 





ARMCO STEELS for better products + lower costs 


Why Armco Metallic-Coated 


Can Help You Reduce Costs, 


Armco ZINCGRIP Steel Tubing Armco ALUMINIZED STEEL Type 1 Tubing 


This is welded steel tubing with a full-weight hot-dip zine Principal characteristic of this special Armco Tubing is its 
coating that provides effective. low-cost protection against unusual resistance to a combination of corrosion and heat 
rust. Made from Armco’s well-known ZinccGRiP® Steel, it Its tightly adherent. hot-dip aluminum coating won't dis 
can be severely formed. swaged, drawn, or expanded with color at temperatures to YOO | ind resists destructive 
out flaking or peeling the special zinc coating. For only a scaling to about 1250 F. For parts exposed to hot, corro 
small premium ove! cold-rolled steel tubing, you can elimi sive conditions, ALUMINIZED STEEI Dype | Tubing pro 
nate the cost of plating or painting. If parts must be painted vides advantages unequaled by any tubing in its price class 
for appearance, the coating on ZincGrip Tubing prevents Applications where it is giving excellent service include 
rust spots when paints chips or wears off. heat exchanger tubes appliance parts, exhaust units, and 


parts of combustion units 


New steels are 


born at 


ARMCO STEEL CORPORATION Arn 
2790 Curtis St., Middletown, Ohio 

Use the unique advantages of these three grades of Send me more information Co ncoriP Tubing 

Armco Metallic-Coated Steel Tubing in your products. "egy tm ae ae es 2 ee () ee ee 
Their combination of economical durability and 

strength offers many opportunities to cut costs and For the following application 

improve product performance. Write us today for com- NAME 

plete information, or just fill out and mail the coupon COMPANY 


STREET 
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Steel Tubing 


Improve Your Products 


ZINCGRIP ALUMINIZED | ALUMINIZED 
Form and Type Steel Steel Type 1 | Steel Type 2 


X Indicates available forms 


— 

















Armco ALUMINIZED STEEL Type 2 Tubing 
This 


Wide Range of Shapes, Forms and Sizes 


The valuable properties of Armco Metallic-Coated Tubins 


can be used advantageously in a wid 


rrade of hot-dip aluminum coated tubing has excep 
tional resistance to atmosphe ric corrosion. It eliminates the 


need for paint, combines the strength and rigidity of tubu 
| ‘ 
iar s 


range ol products 
and applications because it is available in such a wide 


eel with the surface properties of aluminum, 21-year variety of types, shapes and sizes 


exposure tests show that the coating on ALUMINIZED STEE! 


All grades are produced in round tubing from 34" to 3 
Pype 2 lasts at least four times as long as the coating on OD and in other shapes as noted above in equivale nt sizes, 
Wall thicknesses depend on tubing size but range from 


is ideal for structural supports, window 0396" (20 gage to .1084 (12 gage) in ZINCGRIP and 
from .0390" to .0934” (13 gage) in both grades of ALUMI 
NIZED STEEL Tubing 


unpainte d commer ial a ilvan 7t d ale el she ets, This spec ial 
Armco Steel Tubing 


torque tubes, railings and similar parts requiring strength 
ind economu al durability 


ARMCO STEEL 


Armco Division * Sheffield Division * The National Supply Company + Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation + Union Wire Rope Corporat 
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continued fron page 17 


stimated that thev did $ 
wo 


WASHINGTON R & D COMPANIES 
234,000,000 . 
rth of business 


the n 
in 1959 Commercial labs, business 
| he | th first 


ot 


WDC! 


listing includes ITS 


and 
t half 
then, several 


Units Employes 
1960, but 


of emplove 
employer 


is Johns Hopkin 
ersity, with 2098 persons at thre 
128 16,833 i facilit 


racilitics Then two di 
6 256 f Vitro Corp of America, with 
Data-processing and opera 1547; ACF, in Riverdale, Md, with 
tions-research specialists 3389 35: Litton 
employ about Labs of nonprofit institutes 
Independent labs of 
en universities 
gaged in research and developmen 
ibout > { 


Industries of Marvland 
ith ind Atlantic 
CI ire techni 
Rough) 


4500. Nex 
larg¢ t 

industrial firms 
Since 


Trade associations 
new 
ompanies have sprung up 


Ihe 144 


ompanies 
(PU) 7 I 
aU, pel 


Sons 


out i 
$300 are engine: 


of which 
ind 


follow 
sion 
ibout 
1g 


scicntists 


Research Cor 
o 
‘ s about SO te 60, have gol 
niclans pci ind scie noved 
tists rc} t estimates the com mployme nt 
pani | ire 2300 more engin 
ind sci 


For rotating a radiotelescope 
ts by spring of 196] 
The first din 


engineers 


from 


+}, fy 
} 

, “ 
tory 

y 


Compal 
ompare tl 
144 


il ] Ww 
, its R & D activities we 
, ed, or it was erroneous! 
However, om l t research and devel 

us number and the preset he board has broadened 
without considering oth« rage to include two 
l'wenty-one business f ; ap rick, Md, 
pearing first directory are omit 
ted from th 


In 
new one 
these fi 


, one in Annapol 
} I Leesbu gy 
with an empl 


+ 
nrms 

two 
in the 


Howard 
is, Md 


To Twine a Pressure Vessel 


The shaft that will rotate Navy’s 
600-ft radiotelescope at Sugar Grove 
Va shown being machined on a 
Baldwin-Lima-H 


ll at 


Idystone, Penna } 
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It 
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Wooldridge Ine for the missile program ‘ 
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It has a strength-density a er on experiment 
in systen 
integrally wound. The winding machine (control pans 
ground) can handle vess« measuring 72 in. dia and 150 o1 
20 


] 


ratio 


cor 


witl 
— 
Wlict 





PRODUCT ENGINEERING - SEPTEMBER 12, 1960 


Air Recovery of Discoverer XIV 


scenes Trom first air 

earth from an orbiting satellite wh 
launched from Vandenberg AFB 
n second ittempt to snag the 


recovery of 


Soviet Lands Space Capsule 


\loscow llow did the 
This is the question being 
bout the latest Russian space shot 
Belka Strelka. R 


the ipsule and it 


} 


ne with am 


Was apparen 

han anything 

release, Fig 
scent path that the So 
still do). It 


1 satellite circling through 


news 
ed (and we 
itmosphere gradually los« 
to air friction. No longer 


orbit, it is either 
1 plunge through the 


holding 


burned up in 


entirch 
dense atmosphere or ejects a capsul 
eturn by parachute 

Russians claim to hia 
1ated this orbiting method: the 
safely 


now 


hicle descend through 
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a capsule brought back 


parachute 


get it down? 


isked 


Capsule 


ch 27 hr earlier was 


Above, the US pilot fails grappling hook secured the 


canopy. On third line 


in Single Pass 


the atmosphere in one pass, lig 


Furthermore, the dog capsule is r 
ported to have landed within 10 kilo 
meters of the proposed target. At 
point \ i blast 


whiting vehicle and it 


rocket slowed 

immediatel 
began an arcing path toward earth 
rocket _ blast 


speed is it 


\pparently, periodic 


ontinued retarding its 
passed through the denser air (B 
Somewhere near the earth, the capsule 


carricr. A 


parachute may have been used to lan 


separated from the rocket 


} 


the dog capsule. The carrier als 


landed safely (© 


ig 3 shows the proposed return 


path of a Soviet vehicle from far out 


n space. Because such a ship would 


ipproach the earth at great speed, it 


would require several passes around 


1960 


try, right, he succeeds 


two telescoping steel poles, trail be the 


trailing behind 


The recever) *, strung between 
aircraft. A 


cay sule) to the 


th 
he 
' 
turn throug! 
] 
manner similar 


with retarding 


—Ermest Conine 
McGraw-Hill World News 


Will Ford’s Smaller Car 
be Produced Overseas? 


l'rouble may be 
1962 compa 
pact lord is planning o1 
And the Uni 
rs union doesn’t like it 
Actually, 
both the US and Europx 
feels that US and ¢ 
might suffer 


issembly line 


Derrrort 


duchon 
produc tion 15s 


inadian 
because of the 

With production facil 
tics on both sides of the Atlantic, For 
here and abroad 
Fiat be 


of lower production costs 


can compete 

Volkswagen, Renault and 

ill 4 
mice tarifts, better 

manufactur 

or k 

t report say the engine will be 

in aircooled V-4 with staggered cv lit 

\ cast iron block is set for early 

odels, but an aluminum 

Engine is de 


ther front or rear drive * 


1 switch to 
werplant is planned 


goned for ¢ 
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For parts DIRECT from machining to assembly..dependably 


NO HEAT TREATING 
REQUIRED with 


&AA5O 


ALLOY STEEL BARS 
GUARANTEED 150,000 PSI tensile strength 


ot cf) 150 alloy machines better than heat treated 
in-the-bar alloy steels! 
S150 alloy has exceptional uniformity! 


S&S 150 alloy simplifies production! 





Quality and Cost-redualag Advantages! 


(1) Heat treating with its attendant costs and hazards is eliminated. 
(2) No quench cracks or distortion due to heat treating. (3) Machina- 
bility is greatly improved by the acicular pearlitic-ferritic structure. 
(4) Tool life and finish are excellent. (5) Production is simplified . . . 
secondary operations following heat treat are eliminated. (6) Part 
quality, uniformity and reliability are maintained or improved. 
(7) End cost is greatly reduced. 


Ask for a sample test bar 


Send a blueprint . . . or write us giving 
application details. 











What is fo.t. HO alloy? 


“e.t.d.”’ 150 is an alloy steel bar 
made by the exclusive and pat- 
ented Elevated Temperature 
Drawing process to a guaranteed 
minimum tensile strength of 
150,000 psi and a hardness of 
Re 32 minimum. Strength and 
hardness are uniform across the 
section of the bar. The uniform 


SPECIFICATIONS 


Ultimate Tensile Strength 
Yield Strength (.2% offset) 
Proof Stress (.01% offset) 
(1%” Rd. and smaller only) 
Elongation— Approx. only 
Reduction of Area— 
Approx. only 

Brinell Hardness Number 
Rockwell ‘““C’’ Hardness 


pearlitic-ferritic structure of 
“e.t.d.”’ 150 alloy eliminates the 
problems associated with non- 
uniform quenched and tempered 
structure. Ideal for shafts, gears, 
pinions, fasteners and other parts 
now being heat treated or made 
from heat treated in-the-bar 
materials. 


150,000 psi minimum * 
130,000 psi minimum * 
120,000 psi minimum * 


10% -20% 
35% -45% 


302 minimum * 
32 minimum* 


*GUARANTEED MINIMUMS. In event of disagreement between 
hardness and tensile strength, the tensile strength shall govern. 
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Use this coupon to ask for helpful data bulletin 


La Salle STEEL Co. 


1430 150th Street 
Hammond, Indiana 


Please send Helpful Data Bulletin No. 22, “e.t.d. 150 alloy steel bars 


eliminate heat treating of parts.” 


RE | 


: 0 
Company 
Address 
City 


Zone____State___ 











POINTS OF VIEW 


Dr Gordon S Brown 


Dean of Engineering 
Massachusetts Institute of Technology 


With a decreased enrollment in our engi- 
neering schools and an increased demand 
for engineers our country is faced with an 
educational dilemma. One of the best men 
to discuss this problem is the dean of engi- 
neering at the Massachusetts Institute of 
Technology, Dr Gordon S. Brown. 


loo many people have assumed that engineering 
hools should be a “service station” where somebody 

in trouble can call a professor and ask, “Can you fix it?’ 
We've got to get away from that static idea and sub 
titute the awareness that, in engineering, professors and 
students are also instigators of wholly new ideas and 
techniques [his is one of several public relations 
\ second 

+ 


misunderstanding is that too many people use the 


problems that we in universities must solve 
words “scientist” and “engineer” interchangeably, not 
knowing their full meaning. ‘This is causing a 
trouble on engineering campuses, and its effect 
further seen in declining engineering enrollments 

too many boys still think that the only way to get ahead 
People talk about the scientif 


achievements of Canaveral whenever we get a missile 


is to be a scientist 


24 


THE QUESTION: 


What Is the Challenge 


into orbit. But there is no science at Canaveral; it 
is all engineering 

Let me define engineering as practicing the art of 
the quantitative organization of natural phenomena 
By organization I mean the ability to bring together 
seemingly unrelated ideas and concepts and interweave 
them in a purposeful way so that the net result i 
something useful—a new configuration of matter, a new 
machine design, a new merger of assorted concepts. As 
an example take the simple generation of electric power 
Ihe engineer is the person who can relate, in the on 
integrated system, the seemingly unrelated phenomena 
of burning coal to make heat, using heat to make steam 


using steam to rotate a pivot—and then, using a rotating 


I 


shaft with a_particulai 


onhguration of metal an 
conductors, to generate electricity 

\s an individual learns about each of these is 
subjects they appear unrelated However, the 


neer must discern what society needs, then becom«e 


creative and imaginative and inventive, pulling phe 
nomena and the laws of nature together in a purpos¢ 


ful, useful, functional way l'‘o do this, engineers must 
quantitatively classify the recorded observations of 


science in wavs which will permit them to make pred 


turn, design something new his is ju 


ientific method 


Tl 
( 


it problem in this interrela 


} 


ne of the TCaSOMS TOW vhy the sharp compartmen 


ilization between different civil, mechanical and el 


trical areas is losing its importance. Each year, as you 


ireer of the engineer, it becomes increasingls 


trace the 
dificult to sav that he remains the engineer that 


professors thought he was being trained to b 


Three Types of Engineering Student 


; 


However, in engineering schools today, it seem 
important for a professor to be able to recognize at 
least three types of engineering aptitudes The first 
is the student with a very high degree of abstract 
reativits Chis student will attend the theoretical 
ourses, be able to propose theoretical or mathematica 
models of quite new ideas, vet be bored with routin 
lw 


matter \ second type is much more concerned 


| 
mh 


immediate physic il realizability and may obtain a great 


itisfaction in quantitative exactness. He 1s th 


who works with ph sical materials He wi m™ 
person to approach after the previous individual 
outlined the broad concepts; this is the person who 


ind make it work 


be much more excited about a deeper theoretical unde 


let tri 


Our first individual 


standing of the machine itself rather than wanting to 


become enmeshed in how to build it or use it. He 
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Our Engineering Schools Must Meet? 


nota icntist in any sense, because he is not necessarily 


discovering new laws of mechanics, or electricity, but 
will understand them and be able 


to relate and unify 
them toward some purpose 


[he second person wants 
to build something around this idea and get it into the 
marketplace ‘here third of engineers 


that society needs in tremendous numbers, and this is 
the 


iS a category 


person who ultimately operates these things and 


them working hese latter people are often 


technicians thes« 
the 


ist 


Visualize three 
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some projects of their 


Relationship Between Student and Professor 


W hat t MUI 


; 
wa 


1] 


roadly to 


] the 


: 
the processing of energy, 
| | 

1emica rmal, mechanical or so 


+ 


reate laboratories with 


] 
wil 


We 


peopl iS 


faculty members 


sophistic ited level 


the voung 


ome junio partners with 


l‘his means there has to be closer 


‘ 
oordination between the engineering-school student 
professor, not 


Ihe TC 


between 


merely 


on a one-hour session in 
ssroom ilso has to be an interchange of 
information university How 


and industry 
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et FASTENERS FOR QUIPMENT 


@ NEW... MINIATURE RETRACTABLE PANEL FASTENERS - NO. 54 





Available with %% or % head diameters, slotted or 
unslotted and in 4-40 or 6-32 thread. For panels 
from .052 to .130 thick. Quickly installed: stand- 
off is flared, screw assembly merely pushed into 
place. Screw and stand-off are stainless steel, 
retainer is nylon. 


. Lightweight oval or flush head studs of SAE 1010 
: steel, case hardened, are retained in door or panel. 
Five standard lengths provide for total material 
thicknesses from .040 to .159. Spring steel recep- 





Je ee 








tacle occupies minimum inside space. Weight per 
1000: from 2.072 to 3.522 lbs. depending upon 
stud size. 


ACTUAL 
SIZE 
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A new, minute version of the widely used Southco 
Adjustable Pawl Fastener. 14 turn opens, 4 turn 
locks. Turning tightens to compress gasket, resist 
vibration. Supplied assembled for quick instaila- 
tion. Cadmium-plated steel. Requires only gq inch 
inside space. Weight per 1000: 11 lbs. Also available 
for use with your knob. 








Nothing shows on outside of equipment. Clean 
appearance. Pull open, push shut. Held firmly in 
both positions by spring tension. rym spring cam, 
brass roller. Maximum moment: % in. lbs. Spring 
and cam locations interchangeable. Weight per 
1000: 14 Ibs. 

CLOSED 








Send for complete Southco Fastener Handbook. Southco Division, 


South Chester Corporation, 236 Industrial Highway, Lester, Pa. 


oN hoa oP = Dm or £|A <REEEE> --- FASTENERS 


1-4 TURN AD) PAWL Ooor SCREW cenes — 


BLIN 
RIVETS FASTENERS | FASTENERS | LATCHES | FASTENERS a> 


/ 
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new COMPACT, HI-TORQUE 
hi-range REDUCTION DRIVES 


Compact — Space-saving — Driver and ia < \ 


driven shafts are coaxial. Units are 40% to a & — 
60% smaller than other types of reducers : ‘ _ Te 
with comparable ratings. Ideal for applications 


High torque—A wider range of torque not possible with other types of reducers... 
-and pound for pound, higher torque—than : 

any other type of reducer . . . ranging from and for standard requirements. 

about 30 in.-lb. torque per pound of reducer : . 
weight to over 80 in.-ib. torque per pound. Because of the compact, radial design of HI-RANGI 

Cycloid-Type Speed Reducers, coupled with a high torque 

Wide range of reduction-—+i.Range 


rating and high efficiency, these units lend themselves 
provides a greater selection of ratios than 


any other reducer extremely well to special application and integral design 


They overcome many of the former limitations for the 
Quiet running—Drive runs smoothly application of speed reducers. They are ideal where space 
and quietly on precision bearings in an oil- 


or weight or both space and weight are important factors; 
sealed cast iron or aluminum housing . . 


and where, in addition, high torque is required. 
Trouble-free construction — aii 
running parts are hardened alloy steel, pre- For complete information about HI-RANGE Re- 


cision finished to close tolerances. A num- 


duction Drives, write today for brochure RD-200. 


ber of teeth carry the load at all times, 


BLACK TOOL,INC. 


1924 South Navajo Street - Denver 23, Colorado 
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to MIGHTY CRAWLERS 


Both are driven by Rockford Spring-Loaded Clutche ee ee 
Ihese versatile power-links drive many vehicle 

of all types and sizes. Torque load 

from 50 to 2,530 ft. Ibs.! Sizes vary 

from the compact 6” clutch to the 

powerful 16” double plate unit 

Positive, full-motion driving 

power with smooth starts and 

controllability is yours witl 

Rockford Clutches. Write today 


for illustrated brochure SPRING-LC 
ROCKFORD 


ROCKFORD CLUTCHES 


ROCKFORD CLUTCH DIVISION | m) BORG-WARNER 


209 CATHERINE ST. Export Sales 
] Borg-Warner International 
ROCKFORD, ILLINOIS [EMM] 36 So. Wabash, Chicago 


iat 
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Education and Creativity 
lo the Editor 
t loda Engin luca 
s Creative k.ngin Ju 
h much imterest Lhe sub 
| degrees for engineers and 
tended education has puz 4 
ev: Flgatin 
mder i 


“Shaft Type Coupling 


ibandor 
' 


a 





I we al 
tial in all ca 
' 
PERRY 


Western El 


COMING EVENTS 
SEPTEMBER 





14-15 \merican Die Cast I 
t Annual Meetin kdgewater Bea 
Hot Uhicago *Weight of Floating Shoft not included 
18-21 - Anerican = Socict f Me The floating shaft arrangement meets the problems of remote drives 
hanical Engineers, Annu ‘etrol and excessive misalignments. This arrangement consists of two rigid 
Mechanical Engineering C ng Ho female hubs on the driving and driven machines with a male half of a 
New Orleans standard coupling on each end of the floating shaft, that separates the 
American Socicty of M connected machines. The length of the floating shaft is limited by the 
Engineers jointly with AIEI critical speed, since this arrangement requires no intermediate bearings. 
ower Conf, Bellevue-Stratford The hub arrangement can be reversed, that is, the rigid hubs can be in- 
stalled on the floating shaft and the flexible halves on the driving and 
Standards Engineers Society driven machines. This arrangement is optional, except that it is better 
eting, Hilton Hots practice to have the rigid hubs on the driving and driven machines in the 
event that it is necessary to run the machines independently. 
Write for Catalog. 








Amencan Welding » 
ball Meeting Hot 
I ttsburgh 

Amern 


WALDRON 


WALDRON-HARTIG DIVISION 
MIDLAND-ROSS CORPORATION 
BOX 791, NEW BRUNSWICK, N. J. 
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Don’t compromise on switch reliability because... 


Every touch of a Switch 
is a test of your equipment! 


The design of switches is a specialty, one place 
where you can save valuable engineering time 

and insure that circuits will be made. But don’t 
stake your reputation on less than the finest. 

MICRO SWITCH precision and reliability will 


safeguard your performance standards. 


MICRO SWITCH offers the most complete selection of Sensitive way to crush a switch. This machine records load 
switch catalogs available on Sub-subminiature, Mercury, stress and strain from gram ranges up to five tons. Here 
Push-Button, Rotary Selector, Toggle, Door Interlock MICRO SWITCH engineers test compression, tensile proper- 
and Sealed Aircraft Switchés. Write for file material now. ties of materials and characteristics of switches. 
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New ideas in the appKigation of switches may auto- 
matically create new cémpetitiv e advantages for your 
product. Many manufacturet§ are entrusting switches 
with more and more critical and varied assignments. 
And the same profitable opportunities are open to 
you. Some typical examples are the control of heat 
cycle and water flow of an automatic coffee maker, the 
ultra-sensitive responsibility of detecting the thickness 
of paper money, and the automatic cycling on a pre- 
cision grinder at the rate of 57,000 operations per day. 

But, the kinds of precision and reliability that safe- 
guard your performance standards cannot be taken 


for granted in just any brand of switch. At MICRO 


The image shown on this Comparator enables engineers 
to carefully scrutinize tiny parts of a precision switch to 
check contours and dimensions. This is part of the extra 
care that preserves MICRO SWITCH precision and reliability. 


MICRO SWITCH FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 
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‘H micro SWiTCH Precision Switches 


SWITCH, the largest testing laboratory of its kind pre- 
tests switches for thousands and sometimes millions 
of operations, simulating on-the-job conditions of 
temperature, humidity, sand blasting, extreme pres- 
sure or shock and vibration. 

MICRO SWITCH pioneered the design of small pre- 
cision snap-action switches. Today, new applications 
have resulted in the design of over 12,000 difterent 
switches that make up the MICRO SWITCH line. There 
are sure to be some ready-made answers for your 
switch problems. For special help, see the Yellow 
Pages tor the listing of the MICRO SWITCH branch 


office located near you 


MICRO SWITCH Catalogs are also available on a complete 
selection of Limit Switches, Enclosed Iadustrial Switches 
and Explosion-Proof Switches. Write for the material you 
need and bring your data files up to date. 


H Honeywell 


MICRO SWITCH Precision Switches 
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Announcing, ... the latest 
addition to our family 
of quality products— 


MEYERCORD 


DRI-MARK 


a 


FILMS 


DRI-MARK ... is Meyercord’s newly 
perfected line of PRESSURE SENSITIVE 
signs and trade marks produced as dura- 
ble Truck Signs, Window Signs, Name- 
plates and Product Markings. These 
startling new films include: 


DRI- MARK DRI- MARK 


DECac = VINYL ~ 


DRI- -MARK 


MIRRO-Ca swe > 


A mirrored Mylar* 
viny! laminate 


DRI- MARK 


CLEAR myian ~ 


*A DuPont polyester fim 
1 mal and 3 mii 





DRI- -MARK 
MIRRO-cu - 


Chrome- bright mirronzed 
film «1 mil and 3 mul 


DRI-MARK 
OUTDOOR pares — 


These high tensile strength PRESSURE 
SENSITIVE films and laminates give the 
greatest possible latitude and flexibility 
to the Meyercord line of products, 
adaptable to all of your sign needs 

DRI-MARK Decals are processed 
with Meyercord’s own exclusive PRES- 
SURE SENSITIVE adhesive—another de- 
velopment of the firm that for 64 years 
has maintained the world’s undisputed 
leadership in development and produc- 
tion of Decal products. 

Meyercord’s in-plant Research, Art, 
Production and Service facilities assure 
the most careful processing and quality 
control. 

Remember, when it’s DRI-MARK it’s 
MEYERCORD! 


with MEYERCORD 
COLORGARD 70 


Now all Meyercord DRI-MARK films are protected 
by COLORGARD 7 Meyercord’s exclusive labora 
tory developed and perfected clear top coat—the 
toughest, most durable coat yet produced for the 
Decal and transferable film industry. Thor 
oughly tested! Two years in 
actual use! 


Whatever your sign needs, you owe it to yourself 
te investigate Meyercord’s complete line of products. 
Our factory trained representatives will be glad to 
assist you in the proper selection of markings for 
any particular requirement. Write today. 


1 ~ the MEYERCORD co 


y'Dept. B-3 18,5323 West Leke Street, Chicago 44, Mlinois 
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Magnetic youngsters 
lor the vouthful Edisot 


, as 
kit with all he needs to tr 


Product Design Co is readving a m 

mut the basic principles of electromagnetic system 
An accompanying leaflet (see photo) contains 10 suggested experiments and a 
brief discussion of magnetism. Priced at $19.95, kit is being introduced nation 
illv this fall, will include 3 Alnico magnets, 3 erection bases, 4 compasses 


1 battery with leads, magnet wire, several pieces of iron, and iron filings 


Swedes offer new mpg-meter 

How manv miles to the gallon? Everv driver wants to know. But, say 
Saab of Sweden, he hasn’t had an accurate measurement that relates fuel 
consumption to specific driving conditions Now, Saab is out to remedy 
that situation—a unit that combines speedometer readings with metered fuel 
deliveries from electric fuel pump 
Ihe pump is preset to deliver a specific, predetermined amount of fuel 
lhe speedometer is of the revolving cable type, with one turn of the cable 
corresponding to one turn of the car wheels. Both units feed information 
to an electronic circuit which consists of a relay, 3 capacitors, a resistor, 
ind a change-over contact, operated by the speedometer cable 

As the car moves, each stroke of the pump actuates the relay and charg 
one of the capacitors. Then, the capacitor gradually discharges, until th 
next charge is received. The longer the period between charges, the greater 
of course, 1s the discharge Ihe average voltage across the capacitor thu 


becomes a measure of miles per gallon 


Miracles in your garden 


It sounds like a medicine man’s dream: stem-shrinkers and synthetic 


oil. But these are new developments from agricultural research that mav have 
} 


g 
real significance 


Uhe shrinker is a 


and now to be marketed commercially under the name of 


growth inhibitor developed by the Dept of Agriculture 
“phosphon It 
shortens the stems, specifically of chrysanthemums, without affecting flower 
size. The advantage: N 


product 


staking of the stems and easier handling of the 

Ihe synthetic whale oil (technically hexadecanol) is being used to reduce 
water loss in corn plants. ‘That means, say U of Illinois researchers, that 
irrigation needs can be reduced by at least a third. The chemical, simpl\ 
mixed with the soil, is taken up by the plant 
coating on leaf surfaces ARG 


ind deposited as a protective 
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CHROME STEEL BALLS 


sizes— Yo” - 442” 
spherical within 
millionths of an inch 


SOLAR BALIS 


sizes” pr 


extra tough— for rugged 


©Perating Conditions 


Buy where you get America’s widest selection of 
standard balls . . . the most extensive range of ball 
sizes in standard basic materials. Establish one 
source big enough to service all your requirements 
and be sure of uniformly high ball quality, always. 

While quality is the keynote, service is equally 
important! That’s why new facilities, equipment 


fooowenr? 


BALL DIVISION 
P. O. Box 381, Middletown, Ohio 


hoover ball and bearing company 


SEPTEMBER 12, 1960 


BRASS & ALUMINUM 
BRONZE BALLS 


; Ye" -4 
sizes— /6 


made of highest 
quality materials 


and production techniques are constantly being 
added in a continuing program designed to serve 
you better. 

You can rely on the Hoover Ball Division, with 
duplicate manufacturing facilities in Middletown, 
Ohio and Erwin, Tennessee, for your specific 
requirements for high quality balls. 


Hoover Ball and Bearing Compony 
P. O. Box 381, Middietown, Ohio 


Please send Hoover Ball Catalog 




















UP TO 40 TIMES LONGER WEAR 


LINDE’s FLAME- 


—the 6,000-degree, supersonic process that “welds” tungsten carbide and 
other materials to working surfaces—giving them today’s greatest resistance 
to abrasion, galling, erosion, fretting, corrosion, and high-temperature wear 


Lona R service life less down time 


fewer rejects reduced operating 
costs ! 

These are only a few of the important 
advantages that LINDE’s Flame-Plating 
process builds into machines, parts, 
accessories, and products that depend 
on the stamina of metal surfaces for re- 
qu’red performance. Exclusive Flame- 
Pl. ng guns literally “blast” molten 
particles of tungsten carbide or alumi- 
num oxide at specific .afeas—at 2.500 
fps—depositing a hard, welded-on coat- 
ing which can be precision-finished to 
the desired microinches rms. 


Dimensional stability unchanged 


While temperatures above 6,000°F. are 
reached within the oxy-acetylene deto- 
nation gun, the temperature of the work 
piece is maintained below 250°F. This 
eliminates warpage or distortion of even 
minute precision parts. 

Depending on thickness of finish ap- 
plied, or use of the wearing part, Flame 
Plating has been known to multiply 
wear resistance more than 40 times 


Hundreds of potential applications 


Other properties include low coefficient 
of friction, porosity less than one per 
cent, and excellent corrosion resistance 
Coatings show outstanding reliability 
under high temperature, heavy load, and 
lack of lubrication or cooling. 

he list on the right-hand page (op 
posite) shows a few of the many current 
and possible applications for Flame- 
Plating. Perhaps the process could be 
used profitably in one or more of your 
operations. We suggest you indicate 
your possible applications on the coupon 
and mail today for more information. 


34 


ROBESON CUTLERY 


LINDE's F lame-Plating provides Robeson 

Cutlery Co., Inc., with a distinctive merchan 

dising theme. The Robeson line of 

Edge” cutlery is featured as “The Greatest 

Development in 2000 years of Cutlery Making 
1 Cutting Edge of Tungsten Carbide.” 


RUBBER SKIVING KNIVES 


Before Flame-Plating, skiving knives used in 
the rubber industry had to be sharpened after 
every shift. Since adoption of Flame-Plating 
the service life of this tool has been increased 
15 times. A sharp edge is always present, due 


j 


to a self-sharpening effect 


“Flame 


LAWSON PAPER DRILLS 


Paper manufacturers report increases in dri 
life up to 20 times with Lawson Company 
Flame-Plated tips. Less “puckering” delivers 
better quality; fewer stops for sharpening 
bring savings which outweigh the extra cos 


of Flame-Plating many times over 


SEAMING CHUCKS 


LINDE’s Flame-Plating is an important time 
and-money-saver for the abrasive-resistant 
tolerance-stable seaming chucks used by ma 
jor canners. Operating life is more than 4 times 
longer. Chucks, when worn, can be salvaged 
replated, and returned to use 


PRODUCT ENGINEERING + SEPTEMBER 12, 1960 





for Metal Parts — Metal-Coated by 


PLATINGS 


THE “‘LINDE’’ FLAME-PLATING GUN—and how it works 


In LINDE’s revolutionary Flame-Plating process, precise quantities of oxygen, acetylene, 


and tungsten carbide powder 
special mechanism 


control 


representing “powder and shot”’- 
The gun is aimed at the areas to be coated, then fired by remote 
Precision-controlled rapid-firing (4 per second) builds up the coating to the 


are fed into the gun by a 


desired thickness. The as-coated smoothness of 125 microinches rms can be finished down 
to better than | microinch rms finish 





PHYSICAL DATA—FLAME-PLATED 


COATINGS 





COATING 
DESIGNATION 


Lw-t 


LW-1N 


tw-5 


LC-1A 


(A-2 











Approx. Composition 
by weight 


Tungsten 
Carbide +6% 
to 8% Co 


Tungsten Carbide 
+13% to 16% Co 


25% WC +7% 
Ni + mixed W-Cr 
Carbides 


85% Cr, C, 
15% Ni-Cr 


99% +Al,0 
gamma) 





Hardness Vicker's 
(VPN, 


1200 to 1450 


1050 to 1150 VPN 
70 to 71 ® 


1000 to 1200 VPN 


850 VPN 


1000 to 1200 VPN 





Maximum temp. in 
oxidizing atmosphere 


1000°F 


1000°F 


1400°F 


1800°F 


1200°F. to 
1800°F 





Coefficient of thermal 
expansion 


40x 10 °/°F 
Avg. 70 to 
1000°F 


4.7210 °/°F 
Avg 70 to 
1000°F 


6.4 10 6/°F 
Avg. 70 to 
1880°F 


3.9 x 10 °/°F 
Avg. 70 to 
1832°F 





Modulus of Rupture 


67,000 psi 


80,000 to 
106,000 psi 


40,000 psi 


75.000 psi 


22,000 psi 





Modulus of Elasticity 


44 « 10° psi 


42 to 40 « 10° psi 


17 x 10° psi 


22 x 10° psi 


16 x 10° psi 





Porosity 


0.5% 


0.5to 10% 


0.5% 


0.5% 


1.0% 





Specific Gravity 


14.2 


13.2 


10.1 


6.54 


3.45 





Specific Heat 


0.048 


0.056 


0.070 


0.127 


0.196 





Thermal Conductivity 


5.3 at S00°F 


5.3 at 500°F 


3.8 at SOO°F 


4.3 at 500°F 


0.86 at 500°F 





Main features 





Extreme wear 
resistance 


Excellent wear 
resistance + 
increased resist 
to mechanical 

and thermal shock 


Excellent wear 

resist. to higher 
temps. improved 
corrosion resist 


Good wear resist 
at high temp. or 
in corrosive media 
Resists flame 
impingement 


Excetient resist 
to wear, chem 
attack and high 
temperature 
deterioration. 








LINDE 
COMPANY #84.01:i1))- 


Division of Union Carbide Corporation 


LINDE 
ure trade-marks of Un 


and UNION CARBIDE 
on Carbide Corporation 
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TYPICAL 
FLAME-PLATING 
APPLICATIONS 


BEARINGS — sleeve, roller, gas 

BLADES ~— aircraft turbine; doctor 
blades for papermaking 

BLOCKS — anvil 

BUSHINGS — ball piston pump 

CHUCKS — seaming 

CUTLERY — household 

CUTTING, INDUSTRIAL — rubber, 
plastic, skiving knives, foods, 
paper, slitter knives, chipper 
knives, discontinuous 
chip-abrasive materials 

DIES, TOOLING — cold-forming; coring 
punches, core rods, sizing 
punches, capstans 

DOGS — sewing machine feed 
gripping dogs 

DRILLS — paper, acoustical tile, twist 

GAGES — plug, ring, air 

GUIDES — wire, textile, machine 

HYDRAULICS — pistons, liners, valve 
plates, wobble plates, metering 
valves, servo valves, slippers 

MANDRELS — wire-forming 

PARTS — sintered 

PISTON RINGS 

PLATES — valve, wear 

SEALS — turbine engine, pump 

SURGICAL — needle holders and shears 

VALVES — aircraft 











Linde Company, Flame-Plating 
270 Park Avenue 

New York 17, New York 
I am interested in Flame-Plating for the 


following application(s) 


ZONE STATE 
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a : 
CAMBRIDGE METAL-MESH BELTS are 
the answer to the big problems you'll face 
in the competitive 60’s—tighter operating 
costs, higher production and consistent 
quality. 

Continuous movement of foods, metal 
parts, ceramics or chemicals on Cam- 
bridge Belts through processing operations 
speeds production and eliminates costly 
manual handling. Open mesh construction 
allows heat, cold or liquids to flow through 
the belt and around the product for 
thorough, uniform treatment. Superior 
belt design and manufacturing techniques 
mean longer life, fewer repairs, lower 
operating costs. 

Belts can be made heatproof, coldproof 
or acidproof — in any mesh, weave, metal 
or alloy — with any side or surface 
attachments. 

Have your Engineering Department 

call the Cambridge Field Engineer in 

your area. He'll be giad to discuss 

any aspect of Cambridge Belts — 

from manufacture to installation and 

service. He's listed in the yellow 

pages under “Belting, Mechanical”. | === 

Or, write for FREE 130-PAGE REFER- 

ENCE MANUAL. 


Wire Cloth Co. 


Department P e Cambridge 9, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 


c The Cambridge 


36 ON READER SERVICE CARD 


: om ; i : | 
.«» FAST, UNIFORM PROCESSING — 1965 wae 


. 


*. 


* : 


. 
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ECONOMY, DURABILITY AND 
DEPENDABILITY are outstanding 
characteristics of these sintered 
metal gears. Parts like these are the 
result of close cooperation between 
Delco Moraine and its customers 
from idea through design and devel- 
opment to production. 


DELCO MORAINE | 


DEPENDABLY MADE parts for industrial progress « Division of Genera/ Motors, Dayton 
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“JOB-SUITED”’ 





for: HIGH SPEEDS, LOW INERTIA 






Low maximum 
acceleration 


UNIVERSAL SYSTEM OF CAM DESIGN THEORY PRE-SELECTS 
ACCELERATION ACCORDING TO THE MOTION NEEDED 


for: LOW SPEEDS, HIGH INERTIA 


Gn 


int 


| ACCELERATIONS... 


for 
high speed 
indexing and 
precision Cams 


THE FERGUSON DRIVE 
“does what no other indexing device can do.” 


for: CONSTANT VELOCITY, SMALLER CAMS 





Gradual Constant 
change to velocity 
max. decel. period 





' 
' 
' 
' 
' 
! 

J. 








Zero 
initial 


force 


Zero 
initial 
force 


FERGUSON I! 
(Mod. Trap.) 





(Mod. Sine) 






Dynamic design becomes increasingly critical as produc- 
tion machinery attains higher speeds. For this reason 
Ferguson Machine employs the “Universal System of Cam 
Design Theory’? which utilizes the type of cam and 
acceleration configuration calculated to provide the 
best combination of operating characteristics for the 
motion desired. 


A pre-selected configuration of the plot of Acceleration 
vs. Time is utilized for designing indexing mech- 
anisms, plate, barrel and groove cams and index tables. 
Cam problems involving unequal times for acceleration 
and deceleration; compensation for external forces other 


than inertia; resilient driven members; matching of 


velocities and low input torque or low impact and 
centrifugal force requirements are thus taken into 
consideration and solved. 


Movement Time is easily proportioned between Ac- 
celeration Time and Deceleration Time and, 
when necessary, Constant Velocity Time. 
Established tables based on unity displacement result 
in design flexibility which facilitates compensation for 
non-dynamic forces; minimizes vibratory action by con- 
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' Zero 
i initial 
i force 
\ 


FERGUSON Ii 


Three basic acceleration characteristics employed as dictated by the application 





=e 





ee 





FERGUSON Ill 
(Mod. Const. Vel.) 


sidering special characteristics of the inertia load; pro- 
vides constant velocity periods, etc. 


*‘Job-Suiting”’ the acceleration characteristic, the only 
major improvement in the practical application of cams 
since configuration development itself, is a service much 
appreciated by Ferguson’s customers. You, too, are 
invited to benefit by the special knowledge Ferguson 
has accumulated in the field of cam design . . . Send us 
the facts about any problem related to cam and machine 
dynamics. . . There’s no obligation. 

WRITE FOR FREE CATALOG NO. 160—Get full engi- 
neering data on the latest in high speed indexing mech- 
anisms, index tables and in-line machine bases. Standard 
designs employ ‘‘Job-Suited’’ accelerations for your 
application. 


FERGUSON 


MACHINE CORPORATION 


A subsidiary of Universal Match Corporation 
7818 Maplewood Industrial Court «© St. Louls 17, Missouri 
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“ALCOA ALUMINUM SCREW MACHINE STOCK 
ALLOY 2011 CUTS YOUR UNIT COST!” 


Precision-made, high-volume screw machine parts cost 
less in aluminum 

Final cost of your machined component. . . material 
cost plus production cost .. . is lower with Alcoa Alloy 
2011-T3. That’s because this faster machining alloy cuts 
production time . . . machines easier . . . can be held to 
close tolerances . . . gives a bright, clean finish. And 
Alcoa® Aluminum 2011-T3 gives you three times as 
many parts per pound as other, heavier metals, for still 
more savings. By using Alcoa Aluminum 2011-T3 Screw 
Machine Stock you get all the inherent advantages of 
automatic screw machine products. 

Be sure to ask your Alcoa distributor or Alcoa sales 
office for your free Alcoa Conversion Calculator. It 
makes cost conversions from brass to aluminum {uick, 
easy, finger-tip operations. Also get your free Alcoa 
Screw Machine Stock Estimating and Operating Data 
Book, the most comprehensive book of its kind in the 
screw machine field . . . packed with easy-to-find tech- 
nical data. 

You'll want information, too, on other Alcoa screw 
machine alloys: 2017-T4 or -T451 for strength at low 
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cost, 2024-T4 or -T351 for strength with high produc 
tion, and 6061-T6 or -T651 for superior finishes, excel 
lent joining characteristics and extra corrosion resist 
ance. Aluminum Company of America, 841-J Alcoa 
Building, Pittsburgh 19, Pa 


ADDITIONAL BONUSES YOU GET 
WITH EVERY ALCOA ALLOY: 


Wide range of stock sizes for important price advantages 
Guaranteed market for up to 60 per cent of your Alcoa 
Aluminum turnings and borings 

Extensive mill and distributor inventories to meet all 
requirements 

Chamfered ends at no extra cost 

Specific 12-ft lengths at no extra cost (for rounds up to 


234, in.; hexagons up to 2 in.) 





SCREW MACHINE STOCK 
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NICE LOW COST MINIATURE 
BEARINGS are unground bear- 
ings made to the highest quality 
standards and are designed to 
fill a growing need for inexpen- 
sive miniatures. They incorporate 
refinements of tolerance and 
finish which permit their success- 
ful use in many applications 
heretofore requiring costly pre- 
cision miniature bearings. 

Many NICE miniature bearings 


incorporate the revolutionary Pe 


new Unibal construction. Unique 
Unibal design and patented man- 
ufacturing methods produce 
bearings of exceptional strength, 
durability and smoothness of 
operation. 


No. 6035-1 — Rear sup No. 6034-1 — Idler clutch 
bearing for print wheel bearing on 8 mm motion 
carriage on electronic picture projector. 
potentiometer. 


* Continuous unbroken 
ball grooves 





*Full complement of 
balls 














[ Solid outer race and 
solid inner race 


No. 7261H—Cam follower roller on circuit breaker 
arm of data processing machine . . . a small but 
vital component. An example of Unibal construc- 
tion, its small size belies its ruggedness and dura- 
bility under tough operating conditions. 


KY nihad te arures 


No. 6713 — Gear support 
bearing in parking meter 
mechanism. 

















ACTUAL O.D.7/16” 











No. 6172—Tuning condensor 
thrust bearing on electronic 
communication equipment. 


Write for Prints and Engineering Data 


> 


NICE BALL BEARING COMPANY 


DIVISION OF CHANNING CORPORATION 
NICETOWN:-PHILADELPHIA: PENNSYLVANIA 
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OL sharp pomcil. is al you -noed .. 


Got. od “Apscial motor application 
prchtim down and sind at to Lamb 
© Dichue... well do The thimkuma design 
and ramufa cure. You get tha night moe, 
“custom-Tailored”, amd mass produced 
at the moat ae cost. 


| OO Gade 


Conrunance Vecleie 
SPecra Soe 


THE LAMB ELECTRIC COMPANY «+ KENT, OHIO 
A Division of American Machine and Metals, Inc. 
in Canada: Lamb Elecrric ~ Division of Sangamo Company Ltd. — Leaside, Ontario 





tsk ofA iT Machine and Metals, inc., Maw York 7, Mew York TROY LAUNDRY MACHINERY © RIEHLE 

| TESTING MACHINES + DE GOTWEZAT FANS * TOLMURST CENTRIFUGALS © FILTRATION ENGINEERS © FILTRATION FABRICS * NIAGARA 

| FILTERS + UNITED STATES GAUGE + RAHM a — CO. + GLASER-STEERS CORP. 
“— 


a Fe i dial 2 atlas aiies we 
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Special Application 
Fractional 
Horsepower Motors 











Explosion-proof motor, totally 
enclosed and fan-cooled. Excel- 
lent for high pressure grease 
guns. Frame: 311 x 214. Lamb 
Electric Company, Kent, Ohio. 











For industrial vacuum cleaners, 
colloid mills, hoists, etc. Heavy 
duty motor, 6 x 214 frame. Lamb 
Electric Company, Kent, Ohio 


Heavy duty industrial quality 
motor for portable concrete vi- 
brator. Frame: 4%% x 214. Lamb 
Electric Company, Kent, Ohio. 
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NEWS 
ABOUT 
PRODUCT DESIGN 
AND 
MATERIALS 


From the technical development laboratories at Dow comes a steady stream of new 


applications for those versatile materials 


that accent beauty, function, production economy 


the thermoplastics .. . 


new applications 


new applications that 


stimulate ideas for your own designs and processes. The products described on 


these pages contain just a few of the Dow thermoplastics that are serving today’s 


designers... 


FUNCTIONAL DOW PLASTICS 


EXTEND PRODUCT DESIGN LIMITS 


Within each broad category of 
Dow thermoplastics there are 
often several different formu- 
lations designed to pinpoint the 
functional requirements of de- 
signers and processors. Thus, 
you can select an individual 
Dow plastic material to extend 
the limits of your requirements 
for moldability, durability . . . 


lightness, inertness . . . beauty, 
clarity, or color... 


One Dow thermoplastic—Tyril® 
adds an extra measure of beauty, mold- 
ability and physical strength to the de- 
sign of this modern built-in blender. 
Mixing, chopping, or liquefying in a 
matter of seconds, are just a few of its 
accomplishments 

Io ensure its top performance under 
all forms of kitchen punishment, the 
designer specified clear Tyril for mold- 
ing the blending jar. Tyril—a Dow 
copolymer of styrene and acrylonitrile— 
gives this appliance part toughness and 
high shock resistance to withstand the 
churning action of the high-rpm knife 
blades . . . its chemical resistance helps 
the jar stand up under the attacks of 
food acids and cooking ingredients. . . 
its temperature resistance protects 
against cracking or crazing over a wide 
temperature range—from mixing boiling 
liquids to crushing ice . . . and excellent 
moldability enables Tyril to reproduce 
the jar’s complex shape and the finely 
detailed cup and ounce measuring 
marks. Washing presents no hazards, 
either. Detergents won't harm Tyril, nor 
will hot water, and it withstands normal 
abuse. 

One of the probiems designers have 
had to face when insulating a product 
is compensating for the added bulk and 
thermal Today, 


weight of insulation. 


42 


designers have soived this problem with 
Pelaspan® — Dow expandable polysty- 
rene in bead or pellet form. Foamed in 
place by the manufacturer, Pelaspan 
provides thermal insulation with negli- 
gible bulk or weight for this beverage 


cooler (opposite page). 


Pelaspan beads can be pre-foamed, 
expanded many times. When a molding 
or structural cavity is filled with them, 
and the beads are further expanded by 
steam, they tightly close up the inter- 
stices and make a molding of uniform 


density. The closed-cell structure created 
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has low thermal conductivity, low water 
absorption, low vapor transmission, and 
a high strength-to-weight ratio. 

For the recreation market plastics help 
many products escape the limitations of 
older materials. A trio of Dow thermo- 
plastics lend their specific talents to a 
fishing tackle box, a fishing reel, and an 
underwater mask and swim fin outfit . . . 

Built to last for a lifetime of fishing, 
the tackle box is molded of economical 
Styron® 480, a Dow super-high-impact 
plastic formulation with a green and 
white marbleized color effect. In addi- 
tion to the inherent toughness to with- 
stand a fisherman’s hard knocks, Styron 
480 has high heat resistance to endure 
the blazing hot sun without softening or 
warping. The excellent molding proper 
ties of Styron 480 — with emphasis ‘on 
flow characteristics — allow the molder 
to produce a unique tongue and groove 
design along the edge. This makes the 
box watertight when closed—even allows 
it to float! 

A colorful, economical solution to a 
design problem, this casting reel’s end 
caps and knobs are molded of tough 
Styron 475. Styron 475 is a high impact 
formulation of the Dow family of poly- 
styrene materials. Its impact strength 
is three to five times greater, and its 
elongation nine times greater, than gen- 
eral purpose polystyrene formulations 
It resists salt water deterioration, and 
has good chemical resistance. Its fine 
molding characteristics reproduce sharp 
details faithfully. 

Molded of an easy-to-process resin, 
an underwater face mask and swim fins 
of Dow PVC will last far longer than 
conventional materials. PVC permits 
the mask to fit snugly and comfortably 
across the face of the swimmer, with a 
sealing lip around the edges to prevent 
water seepage. 

The PVC swim fins are lighter and 
stronger than conventional fins. What's 
more, the sun will not fade or rot PVC. 
Dow PVC is available in several differ- 
ent formulations. This wide selection 
permits a range of PVC compounds to 
fit almost any process or end use. 


THE DOW CHEMICAL COMPANY 


PROBLEMS, ANYONE? If a design or processing problem is puzzling you, 
chances are there's a formulation within the Dow Family of Thermoplastics Midland. Michigan 
that will solve it. If we can be of any assistance in helping you select the right 
formulation, or in production techniques, color styling, etc., please write us. 
THE DOW CHEMICAL ComPANY, Midland, Michigan, Plastics Merchandising De- 


partment 1720DZ9-12 
See “The Dow Hour of Great Mysteries” on TV. 
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NOW...high horsepower Gearmotors and In-Line Reducers 
that weigh less, have increased load carrying capacity 


The gearing in these drives is case hardened and precision ground, a development 


so advanced that conventional standards and ratings are suddenly out-of-date. You 


get commercial gear drives with gearing of master gear quality, plus a whole new 


set of engineering advantages. They are available in standard sizes to 200 H.P. 


(Left) 75-HP GEARMOTOR. 
Application: heavy duty machine tool drive. 


(Right) 50-HP IN-LINE REDUCER with right angle attachment. 
Application: conveyor drive. 


LONGER LIFE 
Extreme accuracy of tooth profiles, pro- 
file spacing and surface finish eliminates 


“running in" and resulting gear wear. 


HIGHER SPEEDS 

Dynamic load factors are reduced. 
Reducers operate at higher speeds, 
have increased load carrying capacity. 


REDUCED VIBRATION 
Reduced tooth to tooth errors, accumu 
lated pitch errors and total composite 


errors give smoother contact. 





INDUSTRIAL 


SPACE AND WEIGHT SAVINGS 
Harder materials, plus major reductions 
in load factors, save weight and space 


without sacrificing performance. 





REDUCED SOUND LEVELS 


For applications where low sound levels 
are important, gear noise is no longer 


a controlling factor. 


Write today for catalog GM-60 


100% INTERCHANGEABILITY 
Duplicate units or spares can be in 
stalled with original manufacturing tol 


erances duplicated exactly. 





philadelphia gear drives 


PHILADELPHIA GEAR CORPORATION 


King of Prussia (Suburban Philadelphia), Pennsylvania 


Offices in all Principal Cities * Virginia Gear & Machine Corp., Lynchburg, Va. 
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GEARS & SPEED REDUCERS 


LIMITORQUE VALVE CONTROLS 


FLUID MIXERS © FLEXIBLE COUPLINGS 
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Bundy can mass-fabricate 
practically anything 


. . . with Bundyweld#— double-walled steel tubing that is 
adaptable to a whole host of applications. 





HATEVER your tubing problems . . . whatever the stage of development of 
your product, the Bundy man awaits your cell. That’s because tubing prob- 
lems are Bundy’s business, and Bundy engineers — with years of tubing expe- 
rience — can often come up with a design angle that'll save you time and money. 
But the Bundy service doesn’t end there! Specially designed Bundy machines 
take over the mass-fabrication of these parts in unlimited quantity. And to 
meet rigid specifications, we use Bundyweld — the original double-walled steel 
tubing—the safety standard in small diameter tubing. Thinner-walled Bundyweld 
is stronger and gives you higher bursting and fatigue strengths. Covered by 
Government Spec. MIL-T-3520, Type III. 

Why not bring your tubing troubles to Bundy and take advantage of expert 
engineering and design, mass-fabrication economies, and Bundyweld tubing? See 
Sweet’s Product Design File le/Bu .. . or write directly for full information! 
Bundy Tubing Company, Detroit 14, Michigan. 


DNs 


Bundyweld is the 
original tubing double- 
walled from a single 
copper-plated steel 
strip, metallurgically 
bonded through 360° 
of wall contact for 
amazing strength, 
versatility. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to %” O.D. 


BUNDY. TUBING COMPANY 


HOMETOWN, PA. ¢ DETROIT 14, MICH. « WINCHESTER, KY. 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING, AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, ITALY, JAPAN 
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INLAND STEEL 


30 West Moproe St., Chicago 3, Ill. 
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components that mark Gries’ significant GRC gives you de 


ign flexibility you may 
ind recognized strides in die casting and never have thought possible precision 
nolding © vall parts. Each makes a better, and savings thru 25 years of die casting 
more proiitable product possible. Yet none and molding tiny parts exclusively. No size 


could have been made with such high is t small...no design too intricate t 
quality...so economically...without consider. 

GRC’s specialized capability: the combi- We welcome your inquiries...and offer 
nation of design experience and unique several significant booklets to help expand 


automated facilities your design horizons. Won't you write? 


b 
Section of our tool shop, where quality starts NO SIZE 
for GRC TINY ZINC ALLOY DIE CASTINGS : 
and ENGINEERING THERMOPLASTIC MOLDINGS Maximum sizes up to 1}”, $ 07 

Be sure to see us at the 
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Twenty-five Years of GRIES REPRODUCER CORP. 
Progress in Tiny Parts ‘ 
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Corrosion and Abrasion Resistant Coors Ceramics 
Provide Long, Maintenance-Free Service Life 


Mechanical shaft seal rings of 
Coers Alumina Ceramics give ex 
tended service life under severe 
operating conditions 

Under abrasive conditions, seal 
faces maintain their surface finish 
The extreme hardness and tough- 
ness of Coors Alumina Ceramics 
provide maximum resistance to 
abrasion 

In corrosive applications, seal 


faces will not pit or corrode, be 
cause Coors Alumina Ceramics are 


chemically inert to almost all 
fluids 

Coors Ceramic shaft seal faces 
are lapped flat—and they stay flat 
The ceramic will not warp or dis 
tort under mechanical strain or 
heat 

In production runs, Coors laps 
seal faces to a flatness of less than 





3 light bands in sizes up to 3” O.D 
Extremely fine surface finishes can 
be obtained by lapping and sur- 
face polishing. Regular production 
includes sizes up to 15” O.D. 

Seal rings of Coors Alumina 
Ceramics are frequently used in 
abrasive or corrosive applications; 
or applications where maximum 
dependability is required, such as 
aircraft and nuclear environments 
However, they are also found in 
applications where price is a factor, 
as in tractor water pumps, submer- 
sible water pumps, and household 
appliances, including dish washers 
disposers and washing machines 

Mechanical shaft seal units 
with Coors Alumina Ceramic parts 
are available only through seal 
manufacturers. We will be glad to 
furnish you with names of these 


customers. For materials applica- 
tion, we stand ready to work with 
you in utilizing the unique proper- 
ties of Coors Alumina Ceramics 
prototype or production runs. Con 
tact the Coors regional sales man- 
ager nearest you, or write for com- 
plete data 
REGIONAL SALES MANAGERS 


_ William S. Smith, Jr 
EM 6-8129—Redwood City, Calif 


Midwest John E. Marozeck 
FR 2-7100—Chicago, II! 


West Coast 


Donald Dobbins 
GL 4-9638—Canton, Ohio 


John J. McManus 
MA 7-3996—Manhasset, N. Y 


Central 


East Coast 


New England 


Warren G. McDonald 
FR 4-0663—Schenectady, N. Y 


Kenneth R. Lundy 
DA 7-5716—Dallas, Texas 


Southwest 


William H. Ramsey 
UN 4-6369— Houston, Texas 


Oil Field Industry 


itll 








Some Ideas 


When It comes to lettering — plain or fancy 
~— professionals the world over turn to 
LEROY® Equipment by K&E. In drafting 
rooms, art departments — not to mention 
schools, business offices, churches, clubs, 
hospitals - LEROY has become almost as 
necessary as pencil and paper. 


Truly, there’s no magic about LEROY — 


Sa Pant en aPaTes ee emag 


for your file of practical information on 
drafting and reproduction... from 


L__———— —~—~ KEUFFEL & ESSER Co.-—————~—~—— 


custom-made, to your design — as we have 
done for thousands of others. 


A “Bullt-in" Pencil Point 
The business of stopping work to put a 
sharp point on a lettering pencil is now 
largely over and done with, thanks to an- 
other new LEROY item. The point of the 
new LEROY “020” pencil never blunts or 
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just a beautifully simple idea, translated 
into products which reflect the highest 
manufacturing skill and imagination. Not 
easy, we grant you... but not magic. 

However, to keep the LEROY line con- 
stantly up to the changing requirements of 
the times —that does require a wizard 
Fortunately, we have just such a gentle- 
man firmly settled on the K&E payroll 
And he begs that we report several of the 
more recent minor miracles of LEROY 
right here and now. So, in the famed stand- 
ard, sans-serif lettering template, let's 
make with a little 


abracadabra 


Templates 


Every year sees new additions made to the 
already long list of LEROY templates. Case 
in point: the new electronic tube symbol 
templates for use in one of the most mod- 
ern, fastest changing industries of them all. 
Also, there are foreign language templates 
(such as Russian and Greek), music tem- 
plates, special designs, and a variety of 
handsome type faces (Caslon, Cartograph- 
ic, Bernhardt Modern to name some newer 
additions). 

The best advice we can give for keep- 
ing current on LEROY templates is to 
have the LEROY catalog on hand. (It 
just so happens that we recently put out 
a brand ‘new edition of the catalog, and 
it’s yours for the asking. See coupon at 
right.) Finally, of course, we should add 
that if you don’t see what you need in our 
catalog, don’t despair. We'll produce it, 
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dulls — it’s permanently sharp. And that, 
we submit, is a pretty sharp idea. The lead 
of this new pencil is an unvarying .020 
inches in diameter, from one end to the 
other. All that’s necessary to repoint is to 
advance the lead with a turn of the pencil 


shaft. No need to remove it from the scri- 
ber, by the way. This new pencil fits all 
LEROY scribers, and guarantees faster, 
smoother work. As to appearance — all 
lines drawn with the “020” are perfectly 


uniform, and of exactly the same density 
(a careful balance, chosen to give good 
wear without sacrificing print - making 
quality). You never saw pencil work look 
so good. 


The Pen With A “Built-in” Inkwell 


Here’s your ticket to faster ink work with 
far fewer refills—K&E’s new LEROY Res- 
ervoir Pen. You'll be amazed at the mileage 
you can get between refills with this newly 
perfected pen. Its refillable cartridge holds 
enough ink for many hours of smooth, un- 
interrupted lettering, thus eliminating the 
need for daily cleaning. The pen’s cartridge 
is airtight — made of a non-porous, un- 
breakable, translucent material. The level 
of ink is always visible, and any non-sol- 
vent, waterproof India drawing ink can be 
used (for best results and quicker, easier 
filling we recommend the LEROY Letter- 
ing Ink-Cartridge #2950). 

A tiny weighted needle inside the pen’s 
feed tube assures a clear passage of ink 
from reservoir to point. Light vertical 
shaking of the pen activates this needle, 
removing any particles which may have 
settled in the tube when the pen was set 
aside. The needle also provides efficient 
cleansing action when you wash out the 
pen. 

LEROY Reservoir Pens are furnished 
in seven sizes, from 00 to 5, for use with all 
LEROY scribers. Ideal for lettering work, 
the points glide easily over paper, cloth or 
film based surfaces, producing sharp, uni- 
form lines that reproduce crisply. 


Order Your LEROY Catalog Now 
Other new additions and improvements 
too numerous to go into here —are de 
scribed in the new LEROY catalog. The 
coupon below brings your copy, free. 


! 
! 
| 
! 
! 
! 
| 
! 
| 
! 
! 
! 
! 
! 
! 
! 
! 
| 
| 
| 
| 
| 
| 
! 
! 
| 
| 
| 
| 
| 


Name & Title 


Company & Address 


KEUFFEL & ESSER CO., Dept. PE-9 Hoboken, N. J. 


Please send me the latest catalog on LEROY Lettering Equipment by K&E. 
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Engineered by Tinnerman... 


SPEED CLIPS reduce costs, simplify assembly 
and servicing on Maytag “Halo of Heat” Dryer 


Clothes are dried efficiently in the famous Maytag 
“Halo of Heat” automatic dryer. And now the 
quality of the “Halo of Heat” dryer is even better 
than ever because its unique circular heating ele- 
ment is fastened quickly, securely by 22 special 
Tinnerman Speep Cups developed by joint efforts 
of Tinnerman and Maytag designers. 

Each one-piece SPEED CLIP eliminates a separate 
welding operation on the “Halo of Heat” assembly. 
Various screw-driving operations formerly required 
on Maytag’s assembly line to capture the ceramic 
insulator and secure the mounting clamp were also 
eliminated, with equally interesting reductions in 
cost. Now, the stainless steel, vibration-proof 
fastener is snapped in place with simple “button- 
hook” action. No special skills or equipment are 
required. Assembly and parts costs have been 
reduced . .. substantially! Serviceability in the field 
has been improved. 


A free Tinnerman Fastening Analysis of your 
own product can show you where similar assembly 
and cost-saving advantages are possible. Call your 
Tinnerman representative—he’s listed in the Yellow 


Pages under “Fasteners”. Or write to: 


TIN N ERMAN PRODUCTS, itnec. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


TINNERMAN 


CANADA: Dominion Fasteners Ltd. Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest. Wales. FRANCE: Simmonds $A. 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano Bundy Cmblt Hewdelberg 
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PRODUCT 


ENGINE EE RING 


Industry is, to an increasing extent, keeping its engi 
neers on engineering work, turning over technical 
details to technicians. Our current studies indicate 
that each engineer is backed by a technician—drafts- 
man, detailer, analyst, research assistant or whatever. 
hus, if there is any validity to the estimated poten- 
tial need for 30,000 new engineers a vear, the need 
for technicians is just as large. And some estimates 
raise the future ratio to five technicians per engineer. 

l'omorrow’s technician will probably have to be a 
college man himself, considering how rapidly the en- 
gineering content of products is increasing and how 
many engineering colleges are bending toward cur- 
ricula that stress the sciences and theory 

Some institutes for technicians have operated fot 
a great many years; Detroit Engineering Institute, 
for example, is 50 years old. It is curious that the 
need for such a school was visualized so long ago by 
no less than Henry Ford and “Boss” Kettering 
Some 68% of its graduates (2-year course) go into 
7% into design, only 5% into other 


manufacturing, 2 
branches of industry. The emphasis is obviously 
practical—twice as many go into the shop, 50% more 
into the engineering department, than of engineer 
ing graduates from major colleges. 

lhe ASTME reported recently, for example, that 
29% of 958 Purdue graduates are in manufacturing, 
18.4% in product design, 11% in R & D, 15.3% 
in sales, 11.8% in administration, only about 5% 
each in power, maintenance and miscellaneous. 
Similar figures for 758 University of Michigan engi- 
neers were 22.3% in manufacturing, 20.7% in prod 
uct design, 12.9% in R & D, 11.4% in sales, 7.7% 
in administration. Lehigh graduates (299) were 25% 
in manufacturing, 17.7% in product design, 8.7% 
in R & D, 19.7% in sales, 10.4% in administration. 

These figures check fairly well with our own esti- 


mates of 24% of graduate engineers in design, 16% 
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in R & D. But they also show the attrition from 
engineering we've mentioned before. More than 
50% of engineering freshmen are never graduated, 
and of those who do receive diplomas, about 40% 
change to other than engineering. Of the 50% 
“lost” freshmen, how many should have been tech- 
nicians in the first place, but were tempted by our 
social emphasis on a college degree? And of the 
others, how many shifted out of the profession be- 
cause of low salary potential or failure of practical 
engineering to live up to the intellectual atmosphere 
their college course led them to expect? 

If the present trend to highly theoretical (excuse 
me, “basic science”) engineering education is to con 
tinue, we'd better think seriously about directing 
technically skilled youths into institutes. They can 
be at work in two years, and will be equipped to un 
dertake their assignments, even in the smaller indus- 
trial company that has neither the funds nor the 
patience to operate an apprentice course for young 
engineers. 

Purdue, as a state college, has recognized some of 
these problems and is providing an alternate to the 
independent institute in Indiana. At its four “feed 
er” institutes, it has begun to provide two-year 
courses leading to a diploma in applied technology 
As one of its faculty members told me, “As our 
engineering colleges move more and more toward the 
engineer-scientist graduate, we had better provide an 
alternate for the practicalaninded youth, or other 
sources will.” 

With such action by recognized institutes and 
engineering colleges, we can achieve our needed crop 
of technicians, and compensate as well for the engi 
neering course that is too long-hair for some students 
needs. This will help to counteract a growing ten 
dency toward an engineering degree in which the B.S 
looms much larger than the M.E 
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Hermetically Sealed Rotary Switch 


INFORMATION 


1/25 sec. 
to 1/35 sec. 


Hermetically Sealed Circuit Selectors 
and Stepping Switches contain an at- 
mosphere of dry nitrogen which provides 
a permanent environment for the opera- 
tion of the switch. They are designed to 
meet MIL-E-5272A, and will withstand 
extreme moisture and high altitude con- 
ditions in military and industrial instal- 
lations. Sealed Switches are available in 
various wire sizes for operation from 6 
to 350 VDC. Self-contained plug-in 
types allow rapid field installation. More 
than 3000 standard designs are shown 
in Bulletin D-460. 

Other Ledex products include Rotary 
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AN Connector Solder Header 


Solenoid, Syncramental Stepping Motor, 
Digimotor Stepping Motor and Indexing 
Device, Rotary Solenoid Selector Switch, 
Digimotor Selector Switch. 

Switching applications include circuit 
selecting, stepping, counting, program- 
ming and sequencing. 

Mechanical applications of other Le- 
dex products include actuation of valves, 
vanes, printers, shafts. Write for litera- 
ture, mentioning application, to Ledex 
Inc., Dayton 2, Ohio; Marsland Engi- 
neering, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 
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INHERENT SENSORS come in many types 
Above and right: four bimetal devices that 
have integral contacts. 


WHICH 
HEAT 


PROTECTOR 
FOR 
THE MOTOR 


FRANK YEAPLE, associate editor 





OUR THANKS . to Walt Martiny, senior electrical 
engineer, and Les Sherman, product planner, of the 
General Electric Company’s Small AC Motor and Gen- 
erator department, who provided most of the basic 
information in this report, including details of their new 
rod-and-tube Thermotector. For details given on other 
devices, thanks are also due: Al White (Spencer Prod- 
ucts, Klixon disk-type protector); G. E. Wehl (Mechanical 
Industries Production Co, bimetal-strip thermostat); 
John D. Bolesky (Therm-O-Disc Inc, tube-and-linkage 
Wand); and John Courtin (Westinghouse Electric Corp, 
PTC Guardistor). 











Copyright 1960 by The McGra Hill Publishing 


PRODUCT ENGINEERING + SEPTEMBER 12, 1960 


att O11 S legs 
et St 


STAFF REPORT 


Snap-oction contacts. 


>» 





Slow moke- 
/ ond-break \ 


) contacts an OME 6 > 
f ' 


te 


Electrica/ leads 














Outer shell 


Rol es 


/aner 
linkage ~~ 


Rod - 
tube- 
linkage 
type 




















ai 
Non-snap action Snap - action 





Here, for the first time, are all fac- 
tors affecting response and accuracy 
of motor thermal-protection systems. 
Article describes characteristics and 
gives limitations of each available 
sensing device. Inherent (inside-the- 
motor) detectors are shown to provide 
complete protection even when duty 
cycle is not readily predictable. 


Overheat protection can now move into the motor, 
thanks to tiny thermal sensors. They tuck right inside 
the windings or can be mounted in the end bell. The 
method works for any size and type of motor, and 
several manufacturers are already offering such prote 
tion in induction motors ranging from fractional to 
200 horsepower. One limitation, however: the sensor 
must be specified when the motor is ordered, because 
it is part of a built-in protective 
sory. 

Previously, almost all overheat protector 
for fractional-hp motors—were located 
motor, in the motor-starter enclosure 

titably small, dependable thermostats didn’t 
vears ago when original desig 
yrotection, like circuit protection, cor 
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HEAT PROTECTORS continued 


current rather than over-temperature. Even now, the 
majority of motors are still protected externally—with con- 
ventional thermal-overload devices that use line current 
to heat a thermostat (or solder pot), thus “simulating” 
instead of measuring the motor’s actual temperature rise 
he motor-starter contacts are made to open, and the 
result is that the current is cut off when the thermostat 
operates. 


WHEN REMOTE ISN’T ENOUGH 


Shortcomings of such “remotely” located protectors 
(often called “replica” devices because they “analog” 
motor temperature rise) are illustrated in the group of 
curves on the opposite page. The inherent (in the motor 
types of temperature sensors are able to overcome most 
such shortcomings. Here are some of the problems that 
arise with the remote types: 


Ambient-temperature Variations 


I'he conventional remote thermal-overload device is 
directly influenced by its own environment, which may 
or may not be closely related to motor environment 
lor simple applications—or more complicated but well 
documented ones—it is possible to select remote replica- 
type overload relays (with appropriate heaters) that allow 
for expected differences in ambients. But when relation 
ship is complicated, replica devices become complex and 
lose reliability. Here are examples of hard-to-simulate 
conditions. 


Blocked ventilation—A dirty or clogged motor, or an 
installation that doesn’t permit proper air circulation 
through motor windings, will cause overheating. Yet the 
control enclosure is not affected. It stays cool, and may 
fail to signal a shutdown. Here, a sensor is needed in the 
motor windings. 


Outdoor operation—In hot climates, sunlight on the con 
troller will raise its temperature, but the motor remains 
unaffected because its rotation keeps it well ventilated. 
Any remote-type thermal-overload device inside the con- 
troller must be able to operate in its higher ambient 
without causing nuisance trips (shutdowns), yet protect 
the motor from overheating after the sun goes down and 
the controller cools. 

An in-the-winding sensor avoids this problem by detect 
ing temperature directly; many have already been success- 
fully used to protect motors in oil fields located in the 
Southwest. 

In low ambients, specially compensated relays are 
available. They are desirable on some motors, but they 
unduly limit others. (An ordinary relay is compensated 
for normal 40°C rise motors, is not intended for other 
rises. Even 40°C-rise motors may have parts such as rotor 
bars that do not have 40°C rise.) 

Sealed motors—A refrigerator motor, for example, may 
operate in the refrigerant, and its ambient temperature can 
vary widely compared with that for the controls. Simple 
current-sensing devices omit an important part of the 
over-temperature problem. 
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Over-voltage and Over-current 


If line voltage is too high, motor’s “iron losses” (un- 
wanted circulating currents) may go up two or three times 
normal \ current-sensitive relay will not compensate 
for this by reducing the other losses to a lower value. 
Unbalanced currents are also a problem: The effect of 
unbalanced current on motor temperature can be as much 
as 10 times that expected by the increased current magni 
tude. This is because motor heating does not always vary 
with square of current (an oversimplified general rule) 
but behaves nonlinearly when high-frequency secondary 
currents cause change in effective rotor resistance. Again, 
sensing actual temperature at the windings gives best 
indication 


Difficult Duty Cycle 


Many induction motor drives seldom, if ever, operate 
at full load, full speed, but are called upon to frequently 
accelerate, reverse, or plug stop (reversing of motor termi 
nals). Such motors are usually difficult to protect with 
conventional thermal-overload devices. One reason is that 
thev are often “short-time rated”—expected to operate in 
a given service cycle for a short period of time—and are 
allowed a cooling-off period before the next cycle. W ith 
complete duty-cycle information, a root-mean-square value 
of current can be calculated and a heater selected for 
normal thermal protection. But if average motor speed is 
well below rated speed, then self-cooling (of dripproof ot 
totally enclosed, fan-cooled motors) is considerably reduced 
Burnout or nuisance tripouts sometimes occur if motor is 
not carefully “application engineered.” Here are some 


examples of dificult duty cvcles 


Long accelerations—Motors driving high-inertia loads 
need longer time to reach operating speed. Windings over 
heat in hard-to-predict fashion, dependent on such factors 
as torque, efficiency, and self-cooling available (itself a 
function of speed) 

Induction motors can tolerate higher-than-normal over 
heating during such periods because they have short-time 
thermal capabilities considerably greater than their con 
tinuous-temperature ratings. A normal Class A insulation 
system, for instance, is rated at 105 C total temperature 
for continuous operation, but the insulating materials 
do not approach catastrophic failure until they reach tem- 
peratures of 150 to 180 C. These high temperatures are 
allowable for short periods of time without serious depre- 
ciation of motor life. 

Conventional thermal overloads with bimetal resistance- 
heated relays—dependent on current alone—are difficult to 
apply; they may operate too soon, taking motor off the 
line before acceleration is complete. Induction-heated 
relavs, or control by using saturable current transformers 
to limit relay current, will work but are expensive. Mor 
often, a lesser degree of protection is provided, and either 
oversize heaters are installed, or the circuit is designed to 
function without overload relays during starting. The 
new inherent (in-the-motor) sensors have this advantage 


no over-temperature trip occurs until the motor actually 
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External Thermal Overload Relays Have These Problems 





Stondard rated heoter + contro! in sun= 
Nuisance trip (shutdown) 


Standord overload relay + motor in high 
ambient + control in cool ombient + 
rated load = Burnout 


Time —> 
Long acceleration + oversize overload 
relay to permit starting =no protection 
on overload = Burnout 


overheats to its danger point, regardless of whether acceler- 


ation is short or long. 


Special Motors 


Special-motor-protection problems of all types are 
compounded by fact that all variables—ambient, load char- 
acteristics, power supply—are rarely considered simultane 
ously. The control manufacturer designs overload relays 
to operate in 40 C ambient and to trip at given current 
in a given number of seconds. The motor manufacturer 
usually in another plant and often in another company) 
concentrates on meeting certain requirements of torque, 
efficiency, heating and life. The product-design engineer, 
who has only a limited knowledge of design margins and 
tolerances, must nevertheless combine motor and control. 
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Oversize heater + motor overload + 
no sun = Burnout 


Stondord heaters + rated load + 
restricted motor ventilation = Burnout 


Oversize heater + control in sun = 


Difficult-duty cycle + control coo 
better thon motor = Burnout 


Time —> 


Long acceleration + standard over - 
load relay = Relay Trips 


And the user? He alone is sure of the ambient conditions 
ind performance requirements, has no control of compo 
nents or package. 

Much uncertainty is therefore removed if the motor 
and protection are combined—sensor inside the motor— 
for protection regardless of all the external influences 
upon motor operation. Inherent sensors are already in 
service in these special-duty-cycle applications: motors for 
starting and driving high-inertia loads; machine-tool drives; 
hermetic refrigeration motors; fan drives for dry kilns; 
rapid-reversing motors; multispeed motors, and short 
time-rated electric motors for hydraulic elevators. 

Rotor-limited-motors—when the rotor overheats before 
the stator, such as with high-slip or 200-hp-plus motors, 
the problems are not easily solved by any protection 
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HEAT PROTECTORS continued 


system. For example, inherent protectors in the rotor 
would require special slip rings to transmit the signal 
externally. And remote thermal-overload devices cannot 
sense temperature directly. However, work is being done 
on stator-mounted devices located directly across the 
airgap from the rotor windings; they sense radiant and 


air-conducted heat. 


ACCUMULATION OF TOLERANCES 


Control of motor temperature by means of line current— 
is is done in conventional thermal-overload relays—inher- 
ently has a broad tolerance band, compounded by three 
factors: detection-system tolerance, application tolerance, 
motor tolerance. Protection standards are written accord- 
ingly. 


Detection-system tolerance—Motor temperature varies 
roughly as the square of the motor current and a 10% 
tolerance in current represents the 21% tolerance in 
temperature typical of a bimetal element in an overload 
relay. For in-the-motor temperature sensors (assuming 
same device tolerance can be expected), current tolerance 
varies with square root of temperature: a 5°C temperature 
tolerance would result in 3% tolerance in current. 

Accuracy in evaluating settings for any thermal sensor 
depends on thermocouple readings taken by the motor 
manufacturer during factory tests. Under steady-state 


THESE DETECTOR ELEMENTS are samples (some are 
dummies) of types used inside motors for overheat pro- 
tection. 
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conditions, thermocouple temperature can be read depend- 
ably within +1°C (1.8°F). Under transient conditions, 
if extreme care is taken in attaching thermocouples, 
accuracies of +5°C (9°F) are possible. However, if 
thermocouple wires are too heavy, are placed in wrong 
position, or are not bonded well enough to winding, then 
gross errors—up to 50°C (90°F)—are not unusual. This is 
all the more reason for buying in-the-motor protection 
that has been installed and warrantied by a motor manu- 
facturer. Remember—it is practically impossible to verify 
temperature settings in the field. 

Additional tolerances in the manufacture and applica- 
tion of remote overload devices relate to: resistance of 
heating coil; spacing between the elements; and ventila- 
tion of relay elements. 


Application tolerances—Trip-temperature setting is al- 
ways considerably above rated temperature, because its 
purpose is not to limit load but to prevent excessive 
overheating. For example, a motor rated 105 C (221 F) 
at a given ambient will have an over-temperature setting 
equivalent to 120 C (249 F) or higher. However, if the 
motor were run continuously at or near trip setting, it 
would have less than normal life (a rule of thumb—life 
is halved for each 10°C (18°F) rise in operating tempera 
ture). Proper application requires that the user be aware 
of his motor’s limitations and run it at temperatures that 
will give desired life, relying on the trip device for ultimate 
protection only. 

Control manufacturers have established a line of remote- 
type thermal-overload devices in various enclosures to 
match all standard lines of induction motors—an extremely 
complex task. To accomplish it, they developed extensive 
tables of applications and interchangeability for heaters, 
enclosures, and relays, giving almost complete coverage 
with about a 10% application tolerance. Much appli 
cations experience is required to use the tables properly, 
and mistakes can occur. Many users are too willing to try 
the next-size heater whenever repeated trips occur, despite 
danger of permanent damage to the motor. 

When applying remote overload relays, here are typical 
allowable tolerances and margins 

There is a 15% service factor in the ratings of over 
current relays; heaters used in conjunction with these 
relays are available in steps of 10%—the 15% plus 10% 
allow a 25°‘ l'emperature rise varies approxi 
mately as square of the current, therefore a 
in current is 25 x (1.25)* or a 56% change in temperature. 


margin 


5% tolerance 


In other words, a 50°C rise under rated conditions might 
be 80°C rise if the 25% 


Motor tolerances—A variation in motor resistance gives 


margin were used up. 


proportional variation in temperature rise for given cur 
rent. Effect is small but important, yet is not allowed for 
when remote protection is used. Previous discussion under 


“Over-voltage and Over-current’”’ gives more details 


What Tolerance-stackup Means 


Margin must be built into a motor to allow for tolerance 
stackup—which increases manufacturing costs. In othet 
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Five Basic Inherent-Protection Systems 
7 Sensor 
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the user ends up paying more for a motor because 
has more capability than he can use with the existing 
I Furthermore, 


h cable, starters, overloads). 
runs cooler than its rated rise 


branch elements 


even at rated load a motor 


indicates. This is because it is just not possible to design 


every 
that is 
illowed 

If has 
he may be tempted to exploit any supposed motor margin 
installing oversize But a direct way to 
take advantage of this margin is to specify in-the-motor 


motor to have exactly the maximum temperature 


illowed by the standards—some margin must be 


user 


the external-type thermal-overload relays, 


relays more 


DY 


overheat protection; then the only factor that must be 
of the 


considered is the tolerance device 
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contactor 


1 Sensor-actvatec 
ouxiliary relay ~ 


| Sensing circuit 


Thermistors 


Negative femp.coe 
Sensing circuit 
with amplifier 


THE NEW INHERENT DETECTORS 
Inherent (inside-the-motor) thermal protectior 
bimetal-disk thermostats have long 
motors as protective devices. 

g of 
on next page) and all of them—including disk 
can be hermetically sealed, and perform far bett 
some 


new mecept 


But today there is wi 


tion among many types miniature thermostats 


I 


) 
} 
I 


thing available as recently as a year ago are 


~ 


Posi vé temp. Coe ff 


for signaling—one or even two stages of amplification are 


needed before they can shut off the motor. Others are 


line-break devices that interrupt the line current itself. 
The three basic types of sensing elements are bimetal 


text continue n page ¢ 
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COMPARISON OF MOTOR THERMAL-PROTECTION SYSTEMS 





Sensing element 


For these motor ratings 


Operating mode of 


sensor 


Switch action 


Current rating 


How applied 
Location 


Sensor rating 


Current carried 


Auxiliary equip. (note 1) 


Motor starter 


System performance 
Protects motor from 
reaching excessive 
temp. for these 
conditions: 
Trip-temperature toler- 
ance for running load 


Trip temp. adjustable? 


Restart methods 


Motor-vibration effects 
Effect of line-voltage 
variation 


Cost of system, 
excluding starter (Note 2) 








EXTERNAL THERMAL 
OVERLOAD RELAY 


Bimetal or 
solder pot 


All, incl. fhp 


Bimetal expansion or 
solder melting causes 
contact movement 


Analogs motor temp 
using heater carrying 
line current 


6 amp—make 
0.6 amp—break 
600 v ac 


In separate enclosure 


Sensor elements chosen to match motor characteristics 


Heater: line current 
Switch: holding-coil 


Two control wires to hold- 
ing coil or built-in mag- 
netic contactor 


Running loads and 
stalled rotor for narrow 
range of ambient condi- 
tions 


+ 10% (current) 


Bimetal disk 
or strip (snap 
action) 


Fhp to 15 hp 


Element moves abruptly 
(snaps over) 


ap 


250 amp 220 v ac 
125 amp 550 v ac 








Manual or magnetic 


conditions 





Automatic and manual 


Unaffected 


Slight 


Low through 50 hp, 550 v;| Very low to low 


moderate to 200 hp 


INHERENT LINE-BREAK 
THERMAL PROTECTOR 





Senses both temperature and current so that internal 
heating in thermal unit plus heat conducted from 
winding, brings disk to same temp. as winding 


Inside motor housing or on windings 


Line current 


None required 


Running loads and stalled rotor under all operating 


Bimetal 
strip (gradual 
movement) 


Fhp to 2 hp 


Element moves gradually 
(creep action) 


Usually slow-break 


50 amp 115 v ac 
30 amp 230 v ac 





Automatic 


Some contact excursion 
possible 





Bimetal 
disk 


All, incl. fhp 


Element moves abruptly 
(snaps over) 


Snap 


6 amp—make 


1.2 amp—break 
600 v ac 


Single style of sensor can 


Holding- 


Running loads; usually 
needs current-responsive 
device for stall 


Unaffected 





Note | 


to de-energize holding coil 
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Holding coil operates magnetic contactor for 
motor starting; auxiliary relay uses signal from detector 


Note 2 
$15-100; High: 


over $100 


Very low: less than $1~—5, Low: $5-15; Moderate 
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INHERENT THERMAL SENSING 


Rod-tube-and-linkage 


5 hp or over 


Differential expansion between external tube and 
internal linkage gives gradual action. Has ‘‘antici- 
pation” on fast transients. 


DEVICES 


Resistance coil 
or strip 


Over 1500 hp 


Resistance varies linearly 
with temp. 








Thermistor 


Negative temp. coeff. Positive temp. coeff. 


5 hp or ove 
Resistance decreases as | Becomes non-conducting 


temp. increases abruptly at trip temp 


Senses motor temperature by conduction of heat from winding to thermal element 


Snap 


Slow-break 
5 amp—make 
1 amp—breok 
600 v ac 


125 volt-amperes 
600 v ac 


imbedded in windings 


Imbedded in windings 
(usually in stator slot) 








cover many motor ratings because not dependent on motor current. 


coil current 


control wires to holding coil for snap devices; 
relay needed for slow-break type 


Bridge circuit to amplify 
signal (lab-type equip.) 


Magnetic 


Running loads and stalled rotor for all operating 
conditions 


Running locds; needs 
current-responsive device 
for stall or heavy overicad 


+0.5° C 


Yes: bridge 





Automatic and manual 


Trips at slightly lower value 


Moderate 





No contacts in sensor; needs auxiliary circuit 


10 milliamp 70 milliamp 


Imbedded in stator windings 


Signal to auxiliary switching circuit 


Transformer, amplifier, Transformer, rectifier, aux. 


rheostat, aux. relay relay (no amplifier 


needed) 


Running loads and stalled rotor for all operating 
conditions 


Yes: rheostat 


Unaffected 


Negligible 


Moderate 
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HEAT PROTECTORS continued 





fod- tube-/inkoge sensor 














Rate of temperature rise 


SENSOR ANTICIPATES OVERHEATING when 
temperature rise is rapid, and automatically oper 
ates at lower temperature 


disk or strip; resistance coil or strip; and rod, tube and 
linkage. Each has special features—such as small size of 
the thermistor, temperature “anticipation” of the rod-tub« 
linkage thermostat, and current sensing and _line-break 
ability of disk-type. Some non-current sensing devices 
have this additional feature: a single style can protect 
many motor sizes, thus reducing engineering time for 
special motors (a typical problem in integral-hp sizes 
Protection against high rates of temperature rise (stalled 
rotor) is offered by thermal protectors (bimetal with heat 
ers), rod-tube-linkage thermostats, and thermistors. It is 
controversial which is fastest, but it is claimed that each 
can adequately protect any motor that is within its design 
range (see table). 
C/sec, 


second .) 


A very high rate .of rise for a motor is about 


~ 
5 


or an increase from 25 C ambient to 150 C in 4 
\ moderate rate of rise is about 5°C/sec, and a slow rate 
less than 1°C/sec. 


/ 


Very fast rates of rise are in fhp resist 
ance split-phase motors; moderate rises are in integral-hp 
polyphase induction motors; and slow are in shaded-pole 
and permanent-split-capacitor types 

Don’t be tempted to judge degree of protection by design 
of the sensor alone—it is just one part of the entire 
protection system. 


Bimetal Disk or Strip 


he line-break bimetal-disk design essentially has a series 
heater and snap-acting thermal disk calibrated to operate 
at a predetermined temperature for both opening and clos 
ing the circuit. This protector, mounted in the motor, 
receives some heat from the motor windings, supplemented 
by heat from motor current flowing through protector disk 
and heate1 
temperature, ind its opening value is set to correspond to 
the maximum temperature that can be safely tolerated by 


Device temperature will “analog’”’ the winding 


the windings 

With motor current flow through both the thermal 
element and series heater—a typical configuration—heating 
is produced directly in the thermal element as well as in 
directly by transfer from the heater. In some designs most 


of the heating may be in the heater; in others, in the disk 
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HYPOTHETICAL MOTOR—exampile shows why sensor 
must operate at lower temperature during fast transients 
than at slow rate of rise if actual winding temperature is to 
be same value at trip point. It is because normal thermal 
lag of sensor would let motor temperature overshoot 


ment. Bimetal-disk temperature can be made to closely 
follow that of the motor winding for very rapid transients 
is well as for long-time operation when the elements are 
properly chosen. However, this is a job for the motor 
manufacturer, not the use 

Bimetal-strip version of the line-break protector differs 
from disk type in lacking “dishing” of the element to give 
Ihe element is assumed to be disk-type if 
In some bimetal-strip designs, 


it snap action 
it has such snap action 
snap-action operation of the contacts is obtained with an 
In others 


operated directly by the bimetal strip, resulting in slow 


over-center, toggle-spring linkage contacts ar¢ 
g ; 


make-and-break (creep 


Disk-type sensors that do not carry motor current, but 
ire used in a signal or control circuit, depend upon heat 
7 

conducted from the winding to the element. Their thermal 
ll be w in responding to motor-temperature 


Inass Wil ] 


C h ing? S 
Resistance Temperature-detectors 


Oldest resistance-type detector is simply a strip or c il 
of metal that increases its electrical resistance linearly with 
temperature. It requires a power source, and is read by 
balancing a resistance bridge. Such detectors (called 
RTD’s) are too large for random-wound induction motors, 
ire usually limited to larger electrical equipment. Som«¢ 
types go into stator slots between the conductors of large 
generators 

More recent resistance-type sensor is the thermistor. It 
is tiny, requires much less power, and has a greater resist 
ince change with temperature. Negative-temperature 
coeflicient (NTC) thermistors—the most common—decreas¢ 
in resistance linearly as temperature increases. Positive 
temperature-coeficient (PTC) thermistors—a more recent 
development—increase resistance abruptly (become virtu 
lly 


illy nonconductors) at the limiting temperature 


Either NTC or PTC can be made as small or as large as 
desired. NTC thermistors about 1/16 in. dia have been 
used, but need amplification of signal before they can 
The PTC 


type is designed about aspirin-size, so its signal is large 
“ 


operate the auxiliary relay in sensing circuit 
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enough to operate the auxiliary relay directly. Both types 

have small enough thermal mass to follow motor tempera- 

ture closely, even during rapid transients caused by stall. 
Main disadvantage of thermistors for motor protection 


is that the external circuit required—including power supply 
and auxiliary relay—is somewhat complicated. But the 
circuit comes in a package and can be made reliable. Main 
idvantage is they are nonmechanical and the sensing ele 
ment has no moving parts 


Rod, Tube and Linkage 


[his type of bimetal thermostat has an outside tube of 
one metal (high coefhcient of thermal expansion) with 
internal rod and linkage of another metal (lower coefficient 
of expansion The axial differential expansion between 
tube and linkage results in a net movement that is ampli 
fied by linkage to move contacts or operate a snap-action 
switch. 

Oster tube senses motor temperature-rise first, so moves 
farther than inner linkage in a given short time, such as 
during high transients. ‘Therefore the switch contacts oper 
ite sooner (at lower temperature), giving so-called “‘antici 
pation” to the device 

Greatest anticipation is when inner rod-and-linkage has 
nearly the same coefficient of expansion as outer tube 
Least anticipation occurs when inner rod-and-linkage has 
1 very low coefficient of expansion. These extreme condi 
tions explain why: If inner rod-and-linkage has net coefh 
cient of zero, then only the outer shell expands, and output 
movement represents only the sensed temperature. But, 
if both inner linkage and outer shell have same coefficient, 
response of the device will be all in anticipation, and net 
final differential movement (when steady-state temperature 
is reached) will be zero 

One version has the contacts fastened to the inner link 
we. There is no snap action, just a slow make and break 
Because there is no differential between trip ind reset, an 

} ] ; ] 


external relay with time-delay used. It gives fixed 


delav after sensor contacts have reclosed, thus allowing 
motor to cool and sensor contacts to solidly reclose before 
motor is reenergized. A slow-break (creep) contact on ac 
will extinguish its arc during voltage reversal—it only takes 


] 


ibout 0.0005 in. contact se paration if potential 1s not over 


280 v. Therefore its wear qualities are equivalent to am 
ther contact device 

A second version has a snap-action switch that handles 
full control-coil current up to a size 4 starter (100 hp 
440 vy) and needs no auxiliary relay or time delay 

I'wo or three thermostats in series will provide loss-of 
phase protection for a 3-phase motor. Motor will not ex 
ceed a safe temperature under conditions of rapid or slow 
rise as long as this can be prevented by interrupting the 


line current 


Other Inherent Sensors 


[here are many other techniques for detecting motor 
temperature, but none as common as those shown in the 
table. For example, thermocouples can be inserted in 
windings, but laboratory-type auxiliary equipment such 
1s calibrated Wheatstone bridges, oscillographs or elec 
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And ther 
ire bulb-and-bellows thermostats, which have pressure 


tronic recorders are needed to take readings. 


switches actuated through capillary tubes from the bulbs 
usually filled with an alcohol—imbedded in motor wind 
ings. Disadvantage is that their high thermal mass makes 
them slow-responding; also, a severe temperature overshoot 
will greatly increase vapor pressure, possibly distorting 
rupturing the bellows 
\n interesting relative of the thermistor is the thermo 
It is a normally nonconducting salt that melts at the de 
sired temperature, undergoing an abrupt change in con 
ductivity. It, too, can operate an external relay to inte: 
rupt line current. 


EXISTING STANDARDS 


Any new protective device—even though i lvance 
the art—must be proved in practice before any 
change is allowed in the standards. For industrial sizes 
motor manufacturers for years have been designing motor 
o match the approved protective methods, rather than 
designing (or selecting) protective methods to match th 
motors. Inherent detectors will be expected to—and can 
prove ability to protect both motor and branch, and thu 


compete with external overload relays in a great majorit 


enincant 


+ 


7 
I ipplic ifions 


REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, N. Y 


EDITOR’S NOTE: The motor-protection question is 
marized in these previous articles 


New Standard Needed for Motor Protection, June 13 ‘60 
p 51—Explains why there is a controversy—remote vs in 
herent protection—and summarizes existing and proposed 
standards. Many standards today require that an over 
current device be used to back up an inherent temperaturs 
detector, but this is often a redundancy 


Overload Relays for Motor Protection, Mid-Oct '54, p H-2 
Describes design and application of conventional bimetal 


magnetic and melting-alloy relays 


eful information on all types of temperature detectors 
and actuators is given in these articles 


Automatic Temperature Controls, Sep 56, p 179—-Explai 
ind compares operation and characteristics of expanding 
expanding-fluid 
(vapor or liquid), and electronic (thermocouple, resistance 


metal (rod-and-strut and fused-bimetal) 
bulb or thermistor) temperature-sensing elements and con 
trols 


High-force Thermostatic Actuators, July 11, 60, p 74 
Describes hydrocarbon-wax-type solid-liquid phase actuators 
that compete with bulb and bellows where high forces and 


travels are needed 


Temperature Measurement in Solids, July 21, 58, p 65 
Compares thermistor, thermocouple, and resistance tem- 
perature detectors, and gives novel ways to imbed thermo 
couples in solid walls. In this article is a bibliography of 
many previous articles on thermistors and other tempera 
ture-sensing devices 


Temperature Rise in Induction Motors, Jan ‘57 
Analyzes all load conditions that cause overheating 
how changes in speed and inertia can reduce problen 





BELLEVILLE SPRINGS 
for CONSTANT BRAKING POWER 


They serve as pressure disks for 
power brakes (sketch at left). In * 


. this new configuration, braking 
_-Grake ring 


Brake sining 
Outer seal 


force is unaffected when lining wears. 
The springs also permit lighter 
ie construction, avoid overheating. 

Janer sea/ 
adjusting bolts 


T M TRAINER, chief 


Consumer Products Division 
Battelle Memorial Institute, Columbus, Ohio 


Hi ex is a simple way to make sure that the braking 
force applied to a disk brake will be uniform throughout 
life of the lining. The method also permits the con 
struction of lighter brake 

Key components in the new configuration used here 
are two conical-disk (Belleville) springs (see illustration 
designed to give an almost-zero spring rate during th« 
deflection range. The springs straddle the brake lining 
and act also as pressure disks 

Because of its construction, the brake is exvected to 
be low in cost. It has been developed, successfully tested, 
ind patented by Battelle Institute—but permission will 
be given at little or no cost to companies who wish to 
manufacture the brake either for their own use or for 
resale purposes 

The brake shown is of the normally-on type. To release, 
the disks are forced apart by air pressure. The brake can 
also be designed as a normally-off type, and mechanical 
means can be substituted for air pressure. 

In the normally-on type, forcing the disks apart permits 
the wheel and its lining to rotate freely. When air pres 
sure stops, the disks clamp on to the lining and brake the 
wheel. 

The Belleville springs have a near-zero rate (a flat load 
deflection curve) over only part of their deflection (sec 
chart). But by properly sclecting the spring thickness, and 
preloading by means of the six adjusting bolts, the plateau 
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Rotios of h/t 








h/ta0 /ncreasing ratios > 


TYPICAL BELLEVILLE SPRING 
(above) and its load-deflection 
curves (left), as affected by h/t ratio 





Deflection, f 


can be made to correspond to the maximum braking force 
The plateau length is made somewhat longer than the 
thickness of the brake lining 

With such a spring, the lining can be completely worn 
iway without reducing appreciably the maximum braking 
force. Thus, the usual periodic adjustments are not needed 
I'he brake is much thinner and lighter than other brakes 
of equal capacity. It is inherently easier to cool and does 
not require a heat sponge to prevent excessive tempera 


ture risc¢ 


Designing the Spring 

Belleville springs are simple in appearance; they re 
semble a conical washer—but they can deliver a heavy load 
with relatively small deflection. 

Formulas for this type of spring are approximate, but 
offer a good starting point. Fatigue tests conducted at 
Battelle have shown that the actual stresses are somewhat 
higher than those predicted by these equations 


Load deflection 


P 


Ef . 
( / J 
a*)Ma? 


where 


one-half outside dia, in 
Young’s modulus. psi 
deflection, in 

h free-height minus thickness, in 

P = load, lb 

r ratio of OD/ID 

S stress at inside circumference 

t = thickness, in 

o = Poisson’s ratio 0.3 for steel 


and where 


M = _6 [2 — | | 
x log.r 


PRODUCT ENGINEERING - SEPTEMBER 12, 1960 


6 


T log 


wr log.? 


1 


Varying the ratio h/t greatly affects the shape of t 
load-deflection curve. In the chart above, based on curve 
in Handbook of Mechanical Spring Design put out by 
the Associated Spring Corporation, when the ratio is close 


he 


to zero, the load-deflection curve somewhat resembles 
that of other conventional springs, Curve (A). As the 
ratio is increased a plateau develops, Curve (B). Further 
increases in h/t widen the plateau, Curve (C 

When the ratio is higher than a certain value, shape 
of Curves (D) (E) is such that any further deflection 
produces a lower load. Such a spring will snap through 
center when deflected past a certain point and require 
a force in the other direction to return to its original 


p sition 


Flange-type Disks 


Belleville springs can be modified in many ways without 
Ihe latest modifica 
tion for the power brake has flanges on the outer rim of 


changing their basic characteristics 
1 Standard-shaped spring (shown below Its flat-rim 


——— 


f 








ae ae 


r 


FLANGE-TYPE Belleville spring 


surface is parallel to the lining surface and gives m 
uniform lining wear than a conical washer. This type of 
disk can easily take more than 2 million stress cycles. It 


has been cycled 3,750,000 times on a fatigue-testing 
machine before the test was stopped, indicating that oth 


portions of the assembly could fail sooner. s 
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PONTIAC’S TEMPEST 


bigger compact joins the field 





Two of its features: Curved driveshaft transmits 

power beneath the floor to reduce bothersome floor hump; 
cutting the standard V-8 in half gives a new 4-cylinder 
engine with proven components. (Another version 

of Tempest features an aluminum V-8 which will be 


described in a future issue. ) 


Sleeve lnsulotor 


\ 


Bearing 





+ Propetier shart 


PS .. . First out of a new batch of compacts, Tempest 
will be followed by Buick’s Special and Oldsmobile’s 
F-85. The Tempest series includes 4-door sedans and 
station wagons using unitized body construction. 
Buyers are offered a choice of the new 4-cyl engine or 
the aluminum V-8. Various compression ratios and car- 
buretor options are combined to provide five different 
models of the 4-cyl engine. Tempest is produced by 
Pontiac Motor Div of GM Corp, Pontiac, Mich. 





Wheelbase .... 2 i ‘ 
Over-all Length 189.3 in 
Over-all Height ..54 in 
Over-all Width . neo he ae 
Weight (dry) 
I'read, front 


not announced) 





No. of cylinders... . 
Bore & Stroke. .4 


Displacement 


TPPPET Ty 01 77 POMS) AUD RT 


V-8—215 cu 

Compression Ratio 
4—8 6:1 or 10.25:1 
V-8-—8.8:1 
Torque, lb-ft. .4—190 @ 2200 rpm 
to 215 @ 2800 rpm* 
V-8—220 @ 2400 rpm 

Brake-horsepower 

4—110 @ 3800 rpm to 
155 @ 4800 rpm* 
V-8—155 @ 4600 rpm 
Tire size Sedan, 6.00 x 15 
Wagon, 6.50 x 15 
Brake area 115 sq in 
lurning dia, ft. . ..41 


Depending on compression ratio 


A LTOMMLL ALLUSALLN0 O00 LUT OOMMMMMARBAMAT ALP) AMAA LA 





TT NUAAALL 


A ALESTRRDAEDELESTRAA 1 


PMA TDMLLOPPOPTLALL 


ANT MNT O11 


and carburetor used 


NEENAH 


‘mma | ATRL 


auf! 


sub/rame 


POWER PACKAGE for 4-cyl Tempest consists of engine, torque tube 
and transaxle—rigidly bolted together. Torque tube encloses a %-in.- 
dia one-piece driveshaft that curves to compensate for inclined mount- 
ing of the engine and transmission. 


. Rear of engine is inclined 5° below horizontal, front of transaxle 
is dipped 5.75°. Total angular difference in alignment that the curved 
shaft must compensate for is 10.75°. 

. Curved driveshaft is supported by two ballbearing pillow blocks 
enclosed in the torque tube. These blocks are rubber-insulated to damp 
driveshaft whip or vibrations. 

. . Engine at front and transaxle at rear are mounted on subframes 
which also support the suspension units. Subframes are bolted directly 
to integral body frame. 
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Carburetor 


Generator 


Harmonic 
balancer 


RELIABILITY of the new 4-cyl engine is achieved, to quote 
Pontiac, “by adapting the regular V-8 (minus the left-hand 
bank).” This use of proven-out components should ease 
teething problems of new engine (above) and reduce engi- 
neering and production costs. With cylinders inclined 45°, 
the engine mounts the intake manifold, carburetor, fuel 
pump, generator, distributor and starter on the left where 
they are readily accessible. Generator, water pump and fan 
are turned by a single V-belt driven from a pulley on front 
of crankshaft. To minimize vibration a harmonic balancer 
is used and the crankshaft dynamically balanced to 0.50 
in.-oz, Crankshaft has four integrally cast counterweights 
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Distributor 


and five main bearings. The overhead valves are operated 
by hydraulic valve-lifters and pushrods 

"Comparison of the standard V-8 (above) and the new 45 
j-cyl engines shows how similar the two units are. Even 
the distributor cap reveals V-8 ancestry—it’s an 8-cyl part 
with 4 outlets plugged. Besides production savings, inter- 
changeability should simplify parts problems for the dealer 

Two basic 4-cyl engines are offered; the premium-fuel 
model with a 4-barrel carburetor; and a regular-fuel model 
with a single-barrel carburetor. Compression ratios are 
10.25 to 1 for the premium-fuel and 8.6 to 1 for regular-fuel 


engines, continued, next page 
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Niffarantiol I 
Orive shaft Automatic Differential rergee 


| PRODUCT DESIGNS transmission corner converter 








PONTIAC’S TEMPEST 


continued 








STANDARD TRANSMISSION is a 3 
speed manual shift with synchromesh 
on second and third. Automatic trans 
mission is offered as an option. Either 
unit bolts to the differential carrie 
manual shift shares the differential 
lube system; automatic transmission 
has its own lubrication therentia 
The automatic transmission is a ; 

element torque converter 2-speed 

planetary transmission with automati« 

upshift. The torque converter is be 

hind the main transmission unit and 

separated from it by the differential 

carrier. In high gear the drive is split 

with approximately 40% of the drive 

straight mechanical and 60% of the 

torque through the converter 


INDEPENDENT SUSPENSION uses coil springs, tubular hydraulic 
shocks all around. Front wheels are positioned and supported by an 
A-frame, upper-control arm and a cantilever lower arm with a com 
pression strut. Front coil springs are seated on the lower control arm 
and shock absorbers operate within the coils. Top of coil springs 
are seated against rubber shims to isolate the body from road noise. 
Ball joints with phenolic seats provide both horizontal and vertical 
movement of the wheel spindle. Front subframe, with suspension 
attached, is joined to the unit body by three bolts on each side 

The subframe with its swing-axle rear-suspension is attached to 
the body in four places. Transaxle is suspended from subframe by a 
cross-member mounted in rubber shock mounts which provide vibra 
tion and noise isolation. Toe-in adjustment of rear wheels is provided 
by shimming the bolts that attach transaxle to cross-member. Dif 
ferential and final drive are attached directly to the car body, axle 
shafts being driven through universal joints on either side of the 
differential. Single, lower-control arm contains lower seat for the 
spring; upper seat is in the subframe 
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To retain accuracy in mechanical parts you must know how metal 
properties are changed by service stress and temperature. Also, 
this article lists the steps that will improve 


Daal 4 
=> 


L McD SCHETKY 
Technical Director, The Alloyd Corporation 


Mi ecting today’s requirements for engineered precision 
is tougher than ever before. The old dimensional standard 
the precision gage block—could be pampered in an air-con 
ditioned room and handled gently. But many of today’s 
mechanical parts, though starting off with similar preci 
sion, must run the gantlet of operating under cyclic loads, 
high stresses and varying temperatures. For these parts, 
closely machined and ground tolerances are not enough 
Because dimensions and fit must be maintained reliably 
throughout the useful life, stability here becomes a first 
consideration in design of the part. 

Some of the causes of the dimensional changes are 
elusive, but most are known and can be anticipated. Within 
the metal itself, dimensional changes are caused by relaxa 
tion of internal stresses, thermal expansion, plastic flow, 
and metallurgical changes. In the part, stability is achieved 
by minimizing the changes within the material and by 
balancing the opposing dimensional changes so that they 
offset each other. 

Each case presents its own problem depending upon the 
metal, required dimensional accuracy, life expected of the 
part, and physical and mechanical properties required 
However, a high degree of stability can be obtained simply 
by following good practices while forming or machining 
the part. These relieve the stresses set up at each step of 
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metal forming or cutting. A typical sequence for finishing 
1 part would consist of nine steps 
1. stress-relieve or anneal 
rough-machine 
stress-relieve 
heat-treat for desired physical proper 
semifinish-machine to a slight oversize 
stress-relieve 
finish-machine, grind, lap or hone 
8. stabilize by heat-treat 
9. (final) lap or hone 
Ihe sequence may be simpler in some 
rate in others. Recommended cycles are given in ‘Table 
for several common materials. Each step in the sequen 
should be planned to minimize distortion or residual 
stresses in the next step. A cast or cold-worked part given 
preliminary stress relief or annealing will have low di 
tortion during rough-machining. This also causes 
residual stress to be built up within the rough-machined 
part. An extra stress-relief step after rough-machining will 
lower distortion during the strengthening heat treatment 
Here, accurate prediction of distortion can keep metal 
removal down to a minimum during subsequent machin 
ing steps—which, in turn, minimizes residual-stress buildup 


. 
it the last stage of metal removal. Jigs and fixtures t 


PRECISION DEMANDS STABILITY 
of 5 microin per in. per yr for these 
gyro parts whose original tolerance 
may be as low as 1 microin. This pre- 
cision must survive storage from 60 
to 160 F. Photo from MIT Instrumenta- 
tion Lab 
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Table 1—Typical Sequence for Best 
Dimensional Stability 


356 Cast Aluminum 
2 hr at 1000 F, boiling-water quench 
Hold 24 hr at room temperature 
Age 4 hr at 310 F, aircool 
Rough-machine 
Stress-relieve at 280 F—1 hr per in. of section 
Semifinish-machine 
Stress-relieve 1 hr at 280 F 
Finish-machine 
Cycle 5 times from —100 F to +212 F or 24 hr at 200 F 
Lap or hone 
2024-—-T4 Aluminum 
Rough-machine 
8 hr at 375 F 
Semifinish 
4 hr at 375 F 
Finish-machine 
Cycle 5 times from —100 F to +212 F or 20 hr at 200 F 
Lap or hone 
52100 Steel 
Rough-machine 
Ya br at 1550 F, oil-quench 
2 hr at 400 F, aircool 
Rough-grind 
1 hr at 375 F, aircool 
Finish-grind 
Cycle 10 times or 20 hr at 200 F 
1112 Steel 
Rough-machine 
Stress-relieve 1 hr at 800 F, aircool 
Semifinish 
Stress-relieve at 600 F 
Finish-machine 
AZ92A Cast Magnesium 
20 hr at 750 F (SO, atm.), aircool (blast) 
4 hr at 500 F, aircool 
Rough-machine 
1 hr at 350 F, aircool 
Finish-machine 
20 hr at 200 F 
Lap cr hone 


Table 2—Heat Treatments Increase 
Dimensional Stability 
(M-2 high-speed steel) 
Change Hardness, 
microin/in./yr Rockwell 
+50 C65 


Heat treatment 
2200 F—3 min.,; oil-quench; temper, 
1050 F—1'% hr 
2200 F—3 min.; oil-quench; temper, 
1050 F—2'% hr; stress-relieve, 
900 F—1 hr 
C64 2220 F—3 min.; oil-quench; — 320 F 
—1 hr; temper, 1050 F—2' hr; 
stress relieve, 600 F—1 hr 
C65 2220 F—3 min.; oil-quench; triple- 
temper, 1050 F—2'% hr; stress- 
relieve, 600 F—1 hr 
C64 2220 F—3 min.; aircool; temper, 
1050 F—2'% hr; stress-relieve, 
600 F—1 hr 
2220 F—3 min.; oil-quench; — 320 F 
1 hr; triple-temper, 1050 F— 
2% hr; oil-quench; stress-relieve, 


900 F—1 hr 


+45 C65 








Table 3—Effect of Cyclic Cooling and 
Heating 


(After 10 cycles from 200 to —100 F) 
Dimensional change, 
Material microin /in. 
1020 steel (annealed) 15 
4140 steel (annealed) + 5 
4340 (Re 56) +10 
52100 (Rc 64) ; 115 
303 stainless (quench-annealed) 40 
303 stainless (stress-relieved) 15 
Invar (stress-relieved) 10 
Invar (cold-drawn) 20 
2024—T6 aluminum +15 
7075—T6 aluminum —30 
Ti 75A titanium +20 





reduce distortion from heat treatment are helpful here. 

Though it is usually impossible to avoid residual stresses 
completely, some alternative heat treatments will result 
in less residual stress, yet maintain the same physical 
mechanical and physical properties, Table 2. Generally 
these are the treatments that cool or heat more slowly. 
For example, a more severe quenching will give higher 
residual stresses—quenching with water is more drastic 
than with oil and aircooling is less drastic than the oil 
quench. This means that if a steel can harden by a slow 
aircooling, a more drastic quench only increases its residual 
stresses and adds to distortion. 


THE STABILIZING TREATMENT 


To make the final dimensions stay put in precise parts, 
a final stabilizing heat treatment is recommended after 
finish-machining. As shown in Table 1, the treatment 
given differs with the alloy. Simplest treatment is to hold 
the part at 200 F for 24 hr or longer. This isothermal 
treatment is easy to perform, especially when parts are 
large. ‘Temperatures may be higher but not so high as to 
lower the properties. 

When the part is to be subjected to subzero tempera- 
tures either in storage or service, a temperature-cycling 
treatment is preferred. This is a stabilizing step that 
induces the residual stresses to relieve themselves. Cycling 
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is done from a high temperature, usually ranging between 
75 F to 212 F, to a subzero immersion in a bath of dry 
ice and acetone, or dry ice and alcohol 


STABILITY UNDER NO LOAD 


Even if the materials carry no loads, dimensions can 
be changed by internal structural changes. These are 
of two types: 

1. Constant-temperature changes like precipitation in 
an age-hardening alloy, or transformation of an unstable 
phase as in tempering of steel; 

2. Cooling-type transformation such as in a quench 
hardenable steel where the austenite changes to martensite 

Martensitic transformation is the most troublesome 
because its dimensional changes are large—the steel grows 
about 140 microin per inch for each volume percent of 
austenite. If an appreciable amount of unstable austenite 
is retained in a quenched part, further cooling to subzero 
temperature, or sometimes stress on the part, will induce 
dimensional changes long after the part is finished. 

In such cases, choice of an alternate material may be 
helpful. Steels with less carbon and less alloy content do 
not retain austenite while the high-carbon and especially 
high-alloy steels may retain over 10% or more. An alloy 


steel, when it must be specified, should be stabilized by 
several quenches from a slightly elevated temperature to 
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subzero. The hardness of the material will increase slightly 
as the retained austenite changes 


EFFECT OF STRESS RELIEF 


When its residual stresses are relieved, a part can change 
its dimensions as much as several hundred microin per in 
over a few months. The amount of change, Table 3, is 
either positive or negative dependent on the stresses put 
in during the original cold working or machining. ‘Two 
approaches, previously mentioned, are used to relieve these 
locked-in stresses and stabilize the metal: holding at 
temperature for long times; or temperature cycling to 
subzero temperature. The cycling produces a more stable 
material. Generally a material with high elastic modulus 
such as steel) requires up to 10 cycles for complete stress 
relief and a metal with low modulus like aluminum re 
quires about five such temperature reversals. 

Aluminum and magnesium will discolor if moisture con- 
denses during these cycling treatments; these light-metal 
parts should therefore be protected by a plastic bag to 
exclude moisture. If they need stabilizing in a furnace, 
an inert atmosphere will protect aluminum or magnesium 
from surface-film formation. 


FOR PARTS UNDER LOAD 


Here, design for precise dimensions becomes more com 
plex. It must also include the changes caused by tempera- 
ture and stress; that is, how these change the mechanical 
and physical behavior of the metal. For example, stress 
can lower the elastic modulus of steel. So deflection under 
load may be more than anticipated. Stress will also in- 
crease the thermal coefficient of expansion, giving further 
dimensional changes. Precise prediction of dimensional 
behavior therefore must include the dimensional changes 
from material under plastic and elastic strains, as well as 
the purely dimensional changes that occur within the 
metal itself. 

For best dimensional stability, metals must operate 
within their elastic range. But a true elastic limit with 
no plastic strain is dificult to discern. A good working 
limit that closely approximates the true elastic limit is 
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the stress at 1 microin/in. plastic strain. This elastic 
limit can be as low as } of the 0.2% offset yield strength, 
and drops even further with only a slight increase in 
temperature. For example, the 52100 bearing steel has a 
room-temperature yield of over 250,000 psi. The elastic 
limit is 87,000 psi at room temperature, but this falls to 
30,000 psi at 165 ] 


CAUSES OF CHANGES 


Generally the positively magnetostrictive materials like 
steel have a positive change in coefficient of thermal ex 
pansion with tensile stress while negatively magnetostrictive 
materials like nickel show a decrease in the coefficient 
If the strain is elastic, this change in coefficient will dis 
ippear upon removal of the load, but if strain is plastic, 
the coefficient will show a permanent shift. Plastic strain 
as small as 0.1% may change the coefficient as much as 
3% or more. 

I'he elastic modulus also changes with the stress (see 
ibove). This instantaneous modulus, or tangent modulus, 
is the same as that commonly used for calculating the 
critical compressive stress for buckling. In general, the 
elastic modulus and the expansion coefficient are related 





Table 4—How Modulus Changes with 
Temperature 


Modulus of Modulus Change 
Elasticity, (from —50to +150 F), 
Material psi x 10° psi %o 
Ni-Span C ' 27 0 
Invar. oe ; 21 1,125,600 
1090 steel ; Pea 30 876,000 
17% Cr ferritic stainless 29 846 , 800 
32% Ni steel. ... 30 906 ,000 
18-8 stainless steel 28 1,265,600 
Monel 26 858 ,000 
beryllium copper 18 702,000 
18% nickel silver oy # 18 725,000 
phosphor brenze (Grade A) 15 633 ,000 
brass (73% Cu, 27% In) 15 648 ,000 
2024-T4 aluminum , 10 648 ,000 
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How Steel Creeps Even at Low Temperature 
(Hardened 52100 Steel Tempered at 350 F) 
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Table 5—Coefficients of Thermal Expansion 


(precise values for temperature range of 20 to 40 C 


Coefficient, 
Material microin /in. /°C 
LIGHT METALS 
Aluminum 356 20 
6061 20 
6151 23 
7075 23 
2016 21 
2024 21 
Magnesium M1 24 
AZ92A 26 
Titanium 75A 
150A 
3Al-5Cr 


Beryllium 
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STEELS 
Stainless 310 
440 C 
410 
303... 
Common steels 4140 
1010 
1144. 
1045 
1112 
1020. 
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Coefficient, 
microin /in. /°C 


Material 

Die steels M2 — 10 

high C-high Cr 10 

COPPER & ALLOYS 

tough piich coppe: 17 

beryllium copper (2%) 15 

brass (60-40) 20 

brass (70-30) 19 

5% phosphor bronze 17 

NICKEL & ALLOYS 

pure nickel 12 

Hastelloy B 10 

Inconel 12 

Z Nickel 12 

Hypernik 8 

Ni-Span C 7 

Ni-Span Hi 15 

Mumetal 12 

Invar (free-cutting) 

K Monel 

R Monel 

Monel 


ww 


opnowovon 


COOfUUUnN a a Dew 


OTHERS 
Mallory's Gyromet 
GE's Hevimet. 
Elgiloy 





with the modulus change opposite in direction to the 
coefhcient change. 

When a system is to operate near resonance, consid- 
eration should be given to how the elastic modulus varies 
with temperature, Table 4. This is because the resonant 
frequency is a function of the elastic modulus, and its 
change with temperature may produce an unfavorable 
resonance shift closer to the frequencies of the exciting 
vibration. 

Even at room temperature, metals will creep if held 
under loads for long periods of time. Although this creep 
usually can be neglected for ordinary parts, precise dimen- 
sions will change if stresses are only slightly above the 
elastic limit. The accompanying curves for 52100 steel 
illustrate this creep, which can be as high as several 
hundred microin per in. in a few hundred hours. 
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For REPRINT of above article, just check P61 on one of the 
Reader Service cards bound in this issue. 


EDITOR’S NOTE: For additional information on this and 
other aspects of precise dimensional control, see: 


How to Make Invar Stay Put, Dec 9 '57, p 81—For super- 
precise assemblies instability of Invar can be a problem 
Here are special heat treatments to stabilize dimensions 
and thermal coefficients. 

Nickel Alloys for Controlled Thermal Expansion, Oct 25, 
57, p 68—A survey of nickel alloys whose thermal expansion 
is controllable at temperatures above 300 F. 

New Low-expansion Ceramic for Thermal Shock, Sep 30 
57, p 70—Design and applications for low-expansion 
ceramic. 

Constant-modulus Alloy for Elastic Elements, July ‘56, 
p 135—How to design with Ni-sspan C, whose modulus of 
elasticity remains constant with temperature 
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GENERAL TEXTS AND REFERENCES 
formance in continuous, closed-loop concerned with 
control systems where there are vis- and machines 

ual-input, manual-output reacting sit- 


Applied Experimental Psychology—Human 
Factors in Engineering Design 


CHAPANIS, GARNER, MORGAN. John 


Wiley & Sons In 1949 i34 pp. $6.50 

Introduces most important experi- 
mental and statistical techniques in 
this field and discusses relative influ- 
ence and available data on such fac- 
tors as hearing, speech, motion, fa 
tigue, environment. 


Dynamic Response of Human Operators 


McRUER, KRENDEL. WADC Technical Re- 
port 56-524. PB 1318238. Office of Technica 
Services, Dept. of Commerce. 1957. Paper- 


back, 248 pp. $4 

Describes efforts to establish suit- 
able mathematical descriptions of 
human-operator response and per- 
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uations. Originally developed for ap- 
plication in aircraft design. 


Handbook of Human Engineering Data— 
2nd Edition 


Prepared by Tufts College Institute for Ap 

plied Experimental Psychology for Specia 

Devices Center, Office of Naval Research 

Office of Technical Services, Dept of Com- 
: 1951. Looseleaf. approximately 550 
$9. 

A compilation and discussion of data 
on the practical limits of human per- 
formance and sensitivity, particularly 
in relation to machines designed for 
human operation and control. Pre- 
pared for design engineers and others 
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Human Engineering 
ERNEST J. MC CORMICK. 


Publishing Co Inc 16 


Describes such physiological and 
psychological processes as 
hearing, activities; 
research findings that establish limits 
and capacities. Also indicates 
procedures for applying human eng 
neering data. 


seeing, 
motor discusses 


some 


Human Engineering Guide for Equipment 
Designers 

WESLEY E. WOODSON. Universit 

fornia Press 1954 , 


$3.50 


Paperback 


Intended to help the designer 





ever human factors are involved in 
man-operated equipment. Provides 
data on workspace requirements, vi- 
sion, hearing, body measurements, as 
well as discussion of those variables 
significant in machine design. Con- 
tains bibliography organized accord- 
ing to specific human factors and some 
machine design elements. 


Human Engineering Guide to Equipment 
Design 


Prepared by various groups under sponsor- 
ship of Joint Army-Navy-Air Force Steering 
Committee, Dept of Defense. PB 121970. 
Office of Technical Services, Dept of Com- 
merce. 1956-57. All paperbound. 

Design of Controls, Chapter VI, 97 pp, 
Man-machine Dynamics, Chapter VII, 1138 
PD, 3s. 

Arrangement of Groups of Men and Ma- 
chines, Chapter VIII, 127 pp, $2.25. 


These individual reports constitute 
draft chapters of a forthcoming guide 
intended to provide designers of mili- 
tary equipment with human engineer- 

















ing data and general design recom- 
mendations for attaining maximum 
efficiency in human operation of vari- 
ous machine systems. Each volume 
contains bibliographical material re- 
lated to its particular field of coverage. 


Human Factors in the Design of Systems 


SINAIKO, BUCKLEY. NRL Report 4996 
PB 131248. Office of Technical Services, 
Dept. of Commerce. 1957. 49 pp, paper- 
back. $1.50. 

Considers man as a system compo- 
nent and resulting implications for 
engineering of the system. Also dis- 
cusses testing of man-machine sys- 
tems. Contains an annotated reading 
list and a human-factors checklist. 


Research Techniques in Human Engineering 


ALPHONSE CHAPANIS. Johns Hopkins 
Press. 1959. 816 pp. $6. 


Describes some of the research and 
testing methods available for obtain- 
ing trustworthy data on men, ma- 


BIBLIOGRAPHIES AND CATALOGS 


Catalog of Technical Reports—Human En- 
gineering 


Office of Technical Services, Dept of Com- 
merce. 1958. 7-part listing, 10¢ per part. 
Of these seven catalogs, probably 
only Parts I (Psychological and Psy- 
chiatric Research and Tests); II 
(Group Behavior and Leadership); 
V (Auditory and Visual Research and 
Tests) are likely to be of interest. 


Foundations for Biocelectronics for Human 
Engineering 


PB 151291 Office of Technical Services, 
Dept. ofCommerce. 52.75 

Survey of the literature of research 
on the application of electronics to 
investigating the reactions of humans 
to machines and working environ- 
ments. More than 600 studies are 
listed and annotated. 


957. 119 pp. $2 


Human Engineering Bibliography 


Prepared by Human Engineering Informa- 
tion and Analysis Service, Institute for Ap- 
plied Experimental Psychology, Tufts Uni- 


72 


versity, for Office of Naval Research, Dept 
of the Navy. Available from Office of 
Technical Services, Dept of Commerce 


This annual bibliography is in three 
parts so far, all paperbound. The first 
volume (PB 131507, 306 pp, $4.75) 
includes references from some 490 
different journals, and covers the pub- 
lication period Jan 1955-Dec 1956. 
Second volume (PB 131507S, 367 pp, 
$5) covers roughly the same list of 
periodicals and includes the publica- 
tion period Jan 1956-Dee 1957. Third 
volume (PB 161125, 235 pp, $5) covers 
publication period Jan 1957-Dec 1958. 


Human Factors Bulletins 


The Daniel and Florence Guggenheim Avia- 
tion Safety Center at Cornell University 
1959. 28 pp. 50¢. 


Provides references to physiological, 
psychological and related data on va- 
riety of human engineering topics: 
Allocation of tasks among men and 
machines, reaction time, body weight, 


























chines, and the relationships between 
them. Discusses some principles that 
must be observed in making human- 
factors engineering studies to obtain 
usable design data. 


Space Requirements of the Seated Operator 


WILFRED TAYLOR DEMPSTER. WADC 
Technical Report 55-159. PB 121053. 
Office of Technical Services, Dept of Com- 
merce. 1955. 254 pp, paperback. $3.50. 

On the basis of measurements made 
of both living subjects and dismem- 
bered cadavers, maximum dimensions 
of workspace for seated individuals 
were determined. A study of kine- 
matic factors involved permitted 
evaluating the potential utility of dif- 
ferent regions within reach, as well 
as analyzing work effectiveness. 


Coming soon——Dreyfus Diagrams 
HENRY DREYFUS. Whitney Publications 
18 E 50 St, NYC. $4.95 

A portfolio of anthrometric dia 
grams. 


mechanical characteristics of legs and 
arms, effects of altitude and accelera- 
tion, location of displays, delethaliza- 
tion of control panels, seating. 


Annotated Bibliography of Applied Physical 
Anthropology in Human Engineering 


HANSEN, CORNOG et al. Aero Medica! 
Laboratory, Wright Air Development Center, 
US Air Force. WADC Technical Report 56- 
30. PB 151447. Available from Office of 
Technical Services, Dept of Commerce 
958. 301 pp. $5. 

Contains condensations of 121 re- 
ports grouped under three headings: 
anthropometry, biomechanics and com- 
fort. There is also a list of additional 
studies, not annotated, that are in- 
cluded as background material. Out- 
lines some of what is known of varia- 
tions in body size, muscle strength, 
body structure in US population, and 
shows how to decrease discomfort and 
fatigue. Sample drawings are re- 
printed at top of these pages. 
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These anthropometric 


SOMEWHAT MORE SPECIALIZED STUDIES 


A great many highly specialized research projects have 
been and are being carried out for the armed forces and 
such government agencies as NASA. Many of these are 
too narrow to interest most Propucr ENGINEERING read- 
ers. They include studies of human reactions to condi- 
tions likely to be encountered in prolonged space and 


Clothing and Tolerance to Heat. 
Veghte and Webb. PB 131705. 131653. 
Comparative Information - handling 
Performance with Symbolic and Con- 
ventional Arabic Numerals: Verbal 
and Motor Responses. Alluisi and 
Martin. PB 131562. 


Man-machine 























Training. Duncan and Underwood. PB 


Experiments on Vigilance One-clock 





drawings reprinted: courtesy, Office of Technical Services, Dept of Commerce 


undersea travel, as well as the problems of relating grou] 


of operators to highly complex radar monitoring and plot 


ting installations. However, certain of these projects ar 
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of wider interest, and some representative title 
below. All are available from the Office of 
Services, Dept of Commerce. 


Metrical Relationships Among Dimen- 
sions of the Head and Face. Churchill 
and Truett. PB 131480. 
Polydiagnostic Method of Multiple 
Forced-choice Rankings in Design 
Analysis. Bennett, Kemler et al. PB 
151681. 


Effects of “Task-induced Stress” on 
System 
W. D. Garvey. PB 131278. 


Performance. 


Direction - of -knob- turn 
Bradley. PB 131612. 


Stereotypes. 


Effect on Transfer (to real equip- 
ment) of Varying Stimulation During 


and Three-clock Monitoring. Jerison 
and Wallis. PB 131191. 


Man’s Senses as Information Chan- 
nels. Mowbray and Gebhard. PB 
151160. 


ORGANIZATIONS AND RESEARCH CENTERS 


Daniel and Florence Guggenheim Avi- 
ation Safety Center at 

Cornell University 

468 Park Ave S, New York 16 

Flight Safety Foundation Inc 

468 Park Ave S, New York 16 

Human Performance Laboratory 

Biochemical Laboratory, College of 
Engineering 

University of California at Los An- 
geles 

Human Factors Group of ASME 

ASME, 39 W 39th St, New York 18 

Human Factors Society 

Box 263, Arlington 10, Va 

Aerospace Medical Laboratory 

Wright Air Development Center, US 
Air Force 

Wright-Patterson Ajir 
Ohio 


Force Base, 


Biotechnical Laboratory, Dept of En- 
gineering 

University of California, Berkeley, 
Calif 

Cornell Aeronautical Laboratories Inc 
4455 Genesee St, Buffalo 21 

Dept of Psychology and Industrial 
Engineering 

Johns Hopkins University 

Baltimore 


Guggenheim Center for Aviation 
Health and Safety 

Harvard School of Public Health 

1 Shattuck St 


Boston 15 


Human Factors Group, College of En- 
gineering 

New York University 

University Heights 

New York 53 
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Psychological Stress as a Theoretical 
Concept. Chiles. PB 131616. 


Spacing of On-off Controls. Part | 
Pushbuttons; II: Toggle switches 
Bradley and Wallis. PB 131921. 


Institute for Applied Experimental 
Psychology 

Tufts University 

Medford 53, Mass. 

Institute of Transportation and Traffic 
Engineering 

University of California at Los An- 
geles 

Occupational Research Center 

Purdue University 

Lafayette, Ind 

Operations Research Group 

Ohio State University 

Columbus 10, Ohio 

Psychology Dept 

University of Michigan 

Ann Arbor, Mich 

US Army Quartermaster Corps 

Research Engineering Center Lal 
tory, Natick, Mass 





PERIODICALS 


Journal of the Human Factors Society 
Biotechnology Laboratory 

Dept of Engineering 

University of California 

Berkeley, Calif 


Ergonomics* 

Taylor & Francis Ltd 
Red Lion Court, Fleet St 
London E C 4, England 


* English term for human-factor eng 
neering. 


PUBLISHERS’ ADDRESSES 


Cornell Aeronautical Laboratory Inc 
Systems Synthesis Dept 

Human Factors Sections 

4455 Genesee St, Buffalo 21 


Daniel and Florence Guggenheim Avi- 
ation Safety Center at 

Cornell University 

408 Park Ave South 

New York 16 


Johns Hopkins Press 
Homewood, Baltimore 18 


PUBLISHED ARTICLES IN PRODUCT ENGINEERING 


In a continuing editorial program 
reporting and evaluating new design 
data related to the man-machine prob- 
lem, the following articles have ap- 
peared in recent issues of Propuct 
ENGINEERING. All are included in a 
combined reprint now in preparation. 


Props for Operators, Aug 22 ’60, p 
40—Designing the dynamic work area, 
giving the operator room to slump, 
twist, stretch and cross legs; captions 
offer design suggestions for 18 differ 
ent body positions. 


Focus Design on Tremendous Trifles, 
Mar 28 ’60, p 71—Acceptance depends 
on attention paid to incidental detail 
as well as on basic performance; a 
checklist, using the automobile as an 
example. 


How to Design Against Tampering, 
Feb 22 ’60, p 41—Methods that keep 
prying fingers out, or are merely warn- 
ing devices; from encapsulation to 
fluorescent dyes, ~vith a table evaluat- 
ing 18 methods. 


How to Protect Panel Instruments 
from Shock and Explosion Hazards, 
Jan 4 ’60, p 44—Short discussion sug- 
gests several design alternatives. 


What Size Access Openings? Dec 7 
59, p 62—-Minimum dimensions for 
service openings to accommodate the 


majority of service personnel; for fin- 


ger, hand, head and body. 


Vibration Limits for Equipment, 
Aug 31 ’59, p 42—How much vibration 
before the operator becomes annoyed; 
effect of amplitude and frequency on 
annoyance level, 


Criteria for Readable Panel Mark- 
ings, May 25 ’59, p 55—Three criteria 
based on human-factors studies for la- 
bels, counters, legends and identifying 
tags; best lettering for visibility, char- 
acter design, white or black back- 
ground; information content for rapid 
scanning and placement of letters; 
maximum and minimum dimensions 
for legend lights. 


Designing Control Consoles, Apr 13 
59, p 64—Specific guides to effective 
arrangement of instruments and con- 
trols for time-saving and error-free 
operation; where the indicator should 
be positioned for standing or seated 
operations; 10 basics for designing 
consoles. 


Choosing Selector-switch Knobs, Dec 
8 58, p 103—Specific recommendations 
both for things to avoid and for com- 
mendable objectives, plus some com- 
promises. 


When the Engineer Designs for 
Man, Mar 31 ’58, p 97—What to do as 
controls become more complex while 
man remains unchanged but is still 


McGraw-Hill Publishing Co Inc 
830 W 42nd St, New York 36 


Office of Technical Services 
Dept of Commerce 
Washington 25, DC 


University of California Press 
Berkeley 4, Calif. 


John Wiley & Sons Inc 
440 Park Ave South 
New York 16 


needed; designing for sense of touch, 
for vision and sound—within limita- 
tions of human capabilities. 


Seating the Human Body, Jan 15 ’58, 
p 36—How dimensions were selected 
for operator’s seat for industrial 
truck; diagram gives limiting dimen 
sions for all functions performed while 
operator is seated. 


Man Is a Machine Component, Dec 
30 ’57, p 34—How design problem is 
simplified by considering the operator 
as just another component; what he 
can and cannot do, effect of environ- 
ment, three basic limitations; four- 
step system analysis. 


Touch and Vibration Sensitivity, 
Nov. ’56, p 177—Maximum and aver- 
age fingertip and hand sensitivities to 
a vibrating mass, measured as a func- 
tion of frequency and amplitude; rela- 
tive effect of touch and gripping on 
sensitivity. 


Human Dimensions, Sep. ’55, p 166 

Correlation of dimensional dat 
from many sources as it applies 
reach, vision, space enclosure, seating 
and standing; detailed list of sources 
including text on “Designing for Peo 
ple” by Henry Dreyfus*; three case 
histories including a machine tool, 
lift truck, and driver’s compartment 
for a tank. Diagrams include detailed 
dimensions for average adult male. 


a 


+ 


Published by Simon & Schuster, NYC 





Coming: 


combined reprint on 


All 14 of the articles listed above from recent issues 
of Product Engineering, plus the complete bib- 
liography starting on page 71, are included in a 
new 44-page combined reprint now on the press. 


Each article is reproduced in full with all original 


text, tables and illustrations. 


tance to 


Copies will be ready October 1; price is $1.50 


each, including postage. Send orders with remit- 


Reader Service Dept 


Product Engineering 


330 W 42nd St, New York 36 
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quick calculations 
for CORRUGATION STIFFNESS 


Equations and graph find moment of 


inertia and location of neutral axis for a 





wide range of cross-sections. 





Pressed Gorrugation {Model Used to Derive Equations) 
EARL A PHILLIPS 
Chief development engineer 
Union Tank Car Co, Chicago SYMBOLS 
A = Parameter depending on K, and A; 
B = Ratio, stiffness of corrugation to stiffness of 


CS orrugation idd stiffness to sheets and plates but flat sheet (K,°A + 1) 
how much? One of the equations given here quickl d = Depth of corrugation, in. 
and accurately estimates the additional stiffness by ZI = Moment of inertia, in.‘ 
solving for moment of inertia of the cross-section. And K, = Ratio, d/t 
to help in calculating stresses, a second equation finds K; = Ratio, w/W 
K; = Ratio, W/L 
the neutral axis in the corrugated sheet. 
O T lerived { d corrug ssa ealpregmadas 

1e equations were derivec bee er eg “ye a , in. 
top sketch). Sheets corrugated in this manner do w = Width of bottom of corrugation, in. 
not undergo any reduction in width. Horizontal parts W = Width of top of corrugation, in. 
remain as thick as they were in the original sheet; but y = Height of neutral axis, in. 


when the convolutions are formed—by stretching—the 
webs become thinner 
Another method of corrugation reduces the width 


° hi " 
of the finished sheet, but retains a constant thickness EXAMPLE | Constant Thickness (curved webs) 


throughout (bottom sketch The equations hold for 
e —<————_______ 
these constant-thickness corrugations as well—except :: — L*267 in, od 
when the corrugations are nearly rectangular: then the 
ems 





equations are accurate for the pressed corrugations onl 







As a guide to using the graph, representative cross 


0: 0.875 in. 


tions have been sketched in to show where they fall 


EQUATIONS 


Height of neutral axis above reference line (1 0 





t=0.032 in. 
7 K,t(2 K; — K2K;)/2 
Moment of inertia When webs are curved, as they are in this case, draw 
] = LO(K#A + 1/12 inalogous straight-web cross-section and find W and w 
LAB /12 by measurement or, if possible, simple geometry. In this 


example, assume web slope is 45° and horizontal part 


\ is found from the graph on page B is a magni it top and bottom of corrugations are equal 
fication factor that tells how many times stronger the , 
orrugation has made the sheet. If comparisons, and not W L/2 +d = 2.67/2 + 0.875 = 2.21 in 
absolute values are needed, simply compute B for each t L/2 — d = 2.67/2 — 0.875 = 0.56 in 
corrugation cross-section. Ratios are 

O K, = d/t 0.875/0.032 27.4 
K, = w/W = 0.56/2.21 0.25 

The method described here is the result of the author's work for a kK Wil 2.21 2.67 0.83 


former employer, Stanray Corp, Chicago 
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All Pressure Regulators are not alike 


shePPRRaRe 


Large effective 
Diaphragm area 


provides closer 
pressure regulation 


The extra-large effective diaphragm area in 
Norgren Pressure Regulators provides maximum 


sensitivity to fluctuating operating conditions. 


Any slight deviation in regulated pressure, 
either as a result of fluctuating line pressure or 








varying flow demand, results in a greater total change 
in the force exerted by the diaphragm against the 
regulating spring. The valve immediately provides 
compensating action. This makes possible a 

highly uniform regulated pressure. 


Regulator performance is better because a more 
stable regulated pressure is maintained over a wide 


range of operating circumstances. 


Norgren Pressure Regulators The Norgren diaphragm is made of 
give you these important features: nylon-reinforced Buna N synthetic rubber, 


a combination that provides extra-long service, 
Balanced Valve Construction—improved j P os . 
regulator performance resulting in longer regulator life, more dependable 


Large Nylon-reinforced Buna N Synthetic Rubber operation and minimum maintenance. 


Diaphragm—long service life ’ rs 

j For complete information on all your regulator needs, 
Baffle and Siphon Tube—increased accuracy 4a" to 2”, call your nearby Norgren Representative 
Large Passages and Valve Openings—large flow capacity listed in your telephone directory—or 


Easy servicing while still on air line WRITE FACTORY FOR DESCRIPTIVE LITERATURE. 


Flexible Valve Pin—assures better seating 


onw .a (0), (¢1, 1-1, i ej oF 


3428 SOUTH ELATI STREET @® ENGLEWOOD, COLORADO 
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CORRUGATED STIFFNESS oninves PRODUCT 





























ENGSNLELSRING 
O From chart, A = 1.75. Thus 
; ——— 1=/2in ———+| 
B = KZA +1 = (27.4)? 1.75 + 1 = 1310 t= 0.31/25 in. 
I = L@B/12 = 2.67(0.032)* 1310/12 0.0095 in.‘ pete ) a 
per corrugation. a \ litt » ‘ 
I = 0.0095  12/2.67 = 0.043 in.‘ per foot of width. IN J. esi \ 
Actual value of I is 0.041 in.* per foot of width. Noa we " ty 


From chart, A = 2.1. Thus 


EXAMPLE 1Ii—Constant Thickness (straight webs) 
B=K/;A +1 = (12.8)?2.1 + 1 345 


Find W and w by measurement. I = L@B/12 = 12(0.3125)* 345/12 = 10.5 in.* 
K, = d/t = 4.0/0.3125 = 12.8 per corrugation. 
Actual value of I is 9.84 in.*. The 6% error results 


K, = w/W = 3.4/8.8 = 0.386 
K; = W/L = 8.8/12 = 0.73 


mainly because this method neglects rounded corners 


TM 











f) 




















Ko— Ratio, W/W 

















© 





04 0.5 
K3- Ratio, W/L 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Adjustable retraction 
Reciprocating table ina Sh 
Y bi oF. Connecting link 


O 


Forward position 
constont 








Retaining slide load bearings pee, 


Duval geor ———_____ 


Pivot axis ——— TON 180k 





Jock screw ——_____ 














Remote worm adjustment 











Lock bearings 


Cronkshott 











Indexing setup time is cut .. . 
up to 8 hr in many metalworking applications by method of transferring rotary motion 
to variable linear travel, which achieves constant pickoff point at one end of linear 
troke Achieves variable pullout from fixed initial pickoff point through adjustable 
fulcrum pivoting on rack to change angle of lever activated by rotary power source 
Fulcrum consists of dual integral gear engaged to two independently positioned racks 
Other components include crankshaft (input power); connecting rod, and a perpen 
dicular lever, linked with connecting rods and reciprocating work table. Originally 
developed for wire fabric welder indexing table, mechanism is suitable for applications 
vhere existing methods result in equidistant travel on both sides of pickoff point 
National Electric Welding Machines Co, 1846 Trumbull St, Bay City, Mich. 

Circle 300 on Reader Service Card 


Rubber is molded to finished size without grinding . 

by technique, which thereby affords a cost saving. For example, neoprene pressur 
rollers are now said to be available with OD molded so that it is concentric with 
center line within 0.003 in. total indicator reading 
of your choice, including self-lubricating powdered-metal bearings. Available in lengths 
up to 2 in. over-all in various diameters. Kitco Engineering and Mfg Co Inc, 200 E 


Spring St, Bluffton. Ind. Circle 301 on Reader Service Card 


Neoprene is cemented to core 


78 


Miniature pawl fastener . . . 
is adjustable for door or frame thicknes 
varving from to in. Extends int 
nclosur in. Knob extends out 
panel 4 in. Delivered as assembled unit 
ach weighing U.011 Ib All parts ar 
idmium-plated _ steel I'wo drilled or 
punched holes are used to mount hous 


ing on door with bolts or rivets (or fast 


ener can be welded). Quarter-turn locks 
fastener. Available immediately. Southco 
Div, South Chester Corp, Industrial High 
wav, Lester, Penn. 


Circle 302 on Reader Service Card 


Ac load-monitoring device . . . 
detect mall motor-load changes in a 
machine, as little as a fraction of | 

hange Unit monitors motor torque, 
which is directly proportional to power 
and, therefore, is said to detect load 
hanges that current-sensitive load con 
trols cannot. Current through an induc 
tion motor remains near constant from 
no-load t 


factor changes significantly with load 


full-load and only powel 


Through use of phase discriminator, de 
vice monitors current, voltage and power 
factor of induction motors to provide 
accurate signal, proportional to actual 
ower or load on motor. This signal, in 
turn, controls heavy-duty machine-tool re 
iy. Built-in timer can be provided t 
bypass motor starting, since high power 
required during starting. Timer can 
also be used to prevent operation of out 
put relay on momentary overloads that 
may not be harmful. Prices range from 
about $250 to $450 for various models 
Delivery, about 3 wk. Clark Controller 
Co, 1146 E 152nd St, Cleveland 10, Ohio. 
Circle 303 on Reader Service Card 
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| TO REMOVE SLEEVE: | 
1. Pull up key 


Sa 














|. Screw in new sleeve 
lor invert old one) 2. Reploce key 











Replaceable-sleeve insert . . . ' a 
permits thread replacement without drillin Supplied as one-pi self-locking a ! Multiple-speed transmissions 


] 


blies, thev can be rewed by han ipped holes prepared with standard dril r two or more geal uns W 


ind tap Insert xternally threaded top for max pullout resistance Repla friction-disk electromagnetic lut 
ible sleeve is externally threaded mbly into the shell and internally threaded rt ( her Desirec 

for bolt attachmen leeve is locl gainst rotation within shell by key, which will 
not me loose of its own volition, bu in be removed for sleeve replacement 
Internal threads are av ble wi pr ng torque-type lock or with ft yuNINng 
ock Internal thread siz I | in. and ye in Newton Insert Co, 6500 
Avalon Blvd, Los Angeles 3. to be instantaneous 


; 


Circle 304 on Reader Service Card mtrolled electricall 
oer 
madt automati 


en predetermined 


tw 


switch or programer, as | as manual 
with pushbuttons. Remote control is als 
I Currently in production 
. : : and 30-speed units with vari 
Linear-motion potentiometer .. . ratios for both high and low speeds 


fits inside hydraulic actuators and other telescoping assemblies. The 4-in.-dia case witl vailable fr mited 


m stock in lin num be 


oncentric actuating shaft is O-ring sealed against contamination when operating } 


he designed ind manufactured t 


hydraulic fluids or high humidity conditions. Said to withstand extereme shock, vil mer packaging requirements. Cla 
tion and acceleration conditions typical of missile and aircraft applications. Operates at high-precision geat ure ised 
temperatures to 400 F. Standard travel ranges are from 1 to 5 in. Resolution is as low 2-speed model: class I 

Instrument Div, Bourns Inc, 6135 Magnolia Ave, Riverside, Calif. sed on all others. In quantities of 100 or 


Circle 305 on Reader Service Card ore, 2-speed units are $65; 4-speed, $65 


preci 10h gears al 
i } ] 


No ) electric-motor fram¢ 
25 or more); 15 
; 30-speed, $1401 Delivery 
k. Autotronics Inc, PO Box 208 
Fl rrisant, Mo 


Circle 307 on Reader Service Card 

















Portable photoelectric 
Plug-in photoelectric counter . . . tachometer .. . 


1 » 2 7 . ] sures § ) yt y Ipro 

contains entire system in single package, 24 x 34 x 6§ in. Counter is driven directly ASUITE peed of rotating and recipri 
’ machi Itili otoelectr 

from transistor amplifier at rates up to 600 per min. In single-lens system, light machinery. Utilizes photoelectric 


projected and returned to photodetector via illustrated corner reflector. Elements hat responds to small changes in 


include optics, light source, power supply, photoresistor, transistor amplifier and 6-digit uml As cell senses light 
pushbutton reset counter. Priced at $167.50, FOB Santa Monica. Delivery, 2 . to pulse-trigger 


4 wk. Presin Co, 2014 Broadway, Santa Monica, Calif. puter, whi in turn, count 
Circle 306 on Reader Service Card 
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GEARS | to drive 


machines... 


Yy 


Gears and Diffe rentials 


TRACTORS * HEAVY DUTY TRUCKS * AGRICULTURAL MACHINERY * POWER SHOVELS AND CRANES 
MINING MACHINES *« ROAD GRADERS + BUSES + STREET SWEEPERS * 


EPFICIENTLY, 
ECONOMICALLY 


FAIRFIELD 


Getting into production on new models 
and new machines often calls for quick 
action to meet desired time schedules. 


FAIRFIELD CAN HELP YOU! 


As one of America’s largest independent 
producers of GEARS and DIFFEREN- 
TIALS, Fairfield’s facilities are complete. 
You get the benefits of newest high capac- 
ity machines coupled with regular big 
volume output in an ultra-modern plant 
designed exclusively for producing fine 
gears EFFICIENTLY, ECONOMICALLY. 
Check with Fairfield NOW on your gear 
requirements. Call or write. FAIRFIELD 
MANUFACTURING CO., INC. 

2305 S. Concord Rd., Lafayette, Indiana. 
Telephone 2-7353. 


Made to Order for: 


INDUSTRIAL 
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COMPONENTS * MATERIALS * PROCESSES 


continued 


which light changes, averages the rate per 
min. and displays result on a meter Light 
changes are created on rotating object by 
marking object with contrasting chalk line 
or piece of tape. Instrument responds to 
change in light caused by rotating marker. 
Entirely self-contained instrument requires 
no external power and no 


source me 


chanical or electrical connections with 
machinery whose speed is being checked 
Ihree separate models cover speeds from 
than 100 to 24,000 


inits can be provided for speeds from 


less rpm. Special 
$54.50 each net minus 
batteries. Delivery, 2 to 3 wk. Simonds 
Worden White Co, 1101 Negley Pl, Day- 
7, Ohio. 


Circle 308 on Reader Service Card 


)} to 300,000 rpm 


ton 


Geared induction motor. . . 
is thermally protected 
Continuous-duty, totally 


and explosion 


proof enclosed 
fan-cooled unit is designed specifically t 
serve the ground handling system for the 
La Crosse Missile, but its high starting 
t to suit it for hoist, gear 


torque said 
compressor applications. Re 


pump and 
ported to meet humidity, salt spray, sand 
dust shock and vibration specifications of 
MIL-E-5272A and to conform to appli 


able portions of MIL-M-7969A Rated 
for + hp Starting 
l full load 


torque is 71.25 torqu 
14.2 in.-lb. Operates on 200/400 v, 406 
ps. Weighs 11 Ib. Kearfott Div, Gen 
eral Precision Inc, Little Falls, NJ. 
Circle 309 on Reader Service Card 


speed of 1490 rpm 
in.-lb; 


Miniature impulse counter . . . 
with automatic reset provides range of 
1 to 120 impulse counts at rate of 50( 


per min. Min pulse duration is 50 milli 
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sec; reset time for full-scale count rang WHATEVER YOUR REQUIREMENTS 
is zy sec, with min pointer rebound. Said 

to perform with 100% counting accu j 

tracy. Available for 115 v, 50 or 60 cps, FOR ROTARY PUMPS THERE S 

it has two sets of SPDT contacts rated j 

at 10 amp. Impulse switch must close 

and release in order to advance one A ROPER T0 DO THE JOB 

count For applications that require 


ranges in excess of 120 counts, two o1 


—_ counters can be interwired in cas Series T .3 t0 55 GPM 
cad ed circuit. Also offered as complete Choice of 192 Models 
plug-in assembly. Standard enclosures . 
available. Automatic Timing & Controls Pump and motor units . . . pump serves as end bell 
- ie ag of motor. Require minimum space . . . easily in- 
Inc, King of Prussia, Penna. stalled . . . no coupling required . . . mount in any 
Circle 310 on Reader Service Card position. Each unit approximately same size as 
NEMA motor of HP required for driving. Open 
drip proof or totally enclosed motors; single or 
three phase as required. 





ROTARY PUMPS 


Series F 1 to 300 GPM 
Pressures to 300 PSI 
Feature helical steel pumping gears, hardened steel 
shafts, bronze flange-type bearings. 4-port design 
with 8 optional piping arrangements (4 for CW and 
4 for CCW rotation) solves installation problems. 


= R With or without built-in relief valve in either 
mechanical seal or packed box construction. 


ROTARY PUMPS 





1-min. pneumatic timing relay : 
utilizes silicone diaphragm assembly said Series K % to 50 GPM 
to eliminate need for exhaust valve. Re Pressures to 150 PSI 


ported to maintain accuracy even in dusty Extremely compact in all sizes. Helical pumping 
environments through self-cleaning filter gears are hardened steel, with steel shafts and bronze 
bearings. Sizes 10 through 50 GPM have patented 
venturi suction and discharge principle for smooth 
flow and quiet operation. With or without built-in 
filters to blow them free of dust, which relief valve; packed box or mechanical seal. 

may have collected during intake. Adjust 


. 
ment screw takes seven complete turns ROTARY PUMPS 
to be convertible from on-delay to off- 
delay Switch is suitable for pilot and Series H 5 to 75 GPM 
control-circuit oy v4 )y er Oper Pressures to 1000 PSI 
ates in —45 to 150 F. Cutler-Hammer, 4 : 

—? Ny 12th ~~ na anion , Designed to operate at direct motor speeds. Used 
270 IN 12th Sh, Sane. for all types of hydraulic mechanisms where high 


Circle 311 on Reader Service Card pressures are required. Hardened steel spur gears 
for maximum efficiency, and heavy duty roller 


={@) ioe - F? bearings and bronze wear plates for long life service. 
Mechanical seal or packed box. 
Subminiature circuit breaker ROTARY PUMPS 


is commercial version of military model Paste 


previously developed Single-pole, hy 
draulic-magnetic breaker is available for Series 3600 40 to 300 GPM 
operation at 110 v, 60 or 400 cps, or at Pressures to 100 PSI 


50 v de in any current rating from 0.05 Handle thick or thin liquids at slow speeds. Operate 
through 15 amp. Magnetic actuating of in either direction. Hardened iron pumping gears, 
unit 1s said to enable it to provide tem | hardened steel shafts, heavy duty bronze sleeve 
bearings. Mechanical seal or packed box. Series 
includes tank truck pumps as well as single mo- 
derating unnecessary. Because it has no tor driven units with gear reduction. 

thermal elements, it carries full-rated cur 


rent and maintains must trip point under Send for ROTARY PUMPS 


high or low ambient temperatures. Three 


system that protects timing assembly 
Exhaust air is forced back through intake 








perature-stable performance that makes 





“How to Solve Pumping Problems” 


different overload responses permit breaker 
to be matched to load requirements. 
Breaker weighs 14 oz. Heinemann Electric COMMERCE, 


Co, 378 Magnetic Dr, Trenton 2, NJ. Roper Hydraulics, Inc. GEORGIA 


Circle 312 on Reader Service Card Manufacturers of Standard, Special and Custom Pumps for All Industries 





continued on page 82 
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Are Small Precision Metal Parts 
Disturbing Your Sleep? 


The manufacture of small precision metal parts—in large 
volume—can sometimes take on the aspects of a bad dream. 
The problems are frequently numerous and complex. Their 
solution calls for specialized experience. 

Torrington is the leading specialist in this field. We have 
the skill, engineering experience and manufacturing facili- 
ties to produce—at high speed and economical cost—a 
tremendous variety of small metal parts of exceptional 
precision and uniformity. 

If you have such parts to be manufactured in large quan- 
tities, why not let Torrington solve your entire problem? 
Write us for complete information—or better yet, send us 
a blueprint, and we’ll be prompt in making our recom- 
mendation. 


progress through precision SPECIAL METAL PARTS 
THE TORRINGTON COMPANY Torrington, Connecticut 
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CRstay LAKE TLL Nos, 


Fast-release relay .. . 

is applicable to de operation requiring 

rapid opening and closing of circuits 

Delivers high-speed operation (0.0002 

sec min) or marginal operation (0.025 

ec max) depending on selectiot 

] | proper idjustment Li 

construchio1 permits us¢ 

ils and operation on 
002 imp Also offered is 

modification of relay for slow-release 


ion, producing release-time dé 


lay up to 0.4 sec. Both relays are said 


o be sensitive. Both have operating 
voltages up to 230 v de and single- or 
double-wound coils. Lakewood Con- 
trols Corp, Industrial Rd, Crystal 
Lake, Ill. 


Circle 313 on Reader Service Card 


Redesigned gearshift drive . . . 
in 1 through 5-hp capacities is now 
uid to offer lower output-shaft 
capable of handling severe | 
quirement Extra-heay i] 
sutput shaft mounted on 
spaced ballbearings to provid 
support for extreme overhung 

Gear chang four) are made by ge 
hift lever, available in four 
positions. 4 ymbination of 

speed transmission and electric mo 
operates on polyphase, ac power sup 
plies of 25, 50 and 60 cps and voltages 
below 600. Lima Electric Motor Co 
Inc, Dept 145, Lima, Ohio. 


Circle 314 on Reader Service Card 


Wafer-shape potentiometer . 

measures 4 x 4 x in. and is said t 
ffer humidity-proof construction. In 
corporates special clutch design com 
bined with end-stops that eliminate 
hazard of open circuiting or damage 
to internal parts during adjustment; 
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25-turn adjustment can be accom 
plished with standard screwdriver. Re- 
istance range is 100 to 50 kohm; 
power rating is | w at 158 F. Op 
erates in temperatures of —85 to 347 
I’. Weighs about 0.05 oz. ‘Trimpot 
Div, Bourns Inc, 6135 Magnolia Ave, 
Riverside, Calif. 

Circle 315 on Reader Service Card 


Weather-resistant photorelay 
consists of passive solid state cad 
mium sulfide photocell and DPD 
relay connected in series. As light 
intensity increases, current flows 
through photoresistor, energizing re 
lay. Requires no warmup time. Can 
be used for control, limit switch, 
counting, sorting, detection or go-no 
go circuits. Operates on 115 v ac. 
Normally open or closed contacts 
ivailable, rated 5 amp at 115 v ac. 
Modular construction. Measures 4 x 
3 x 34 in. deep. Price, $35. Berke- 
ley/Dynamics, PO Box 1098, Burlin- 
game, Calif. 

Circle 316 on Reader Service Card 


External-clutch reset timer. . . 
ombines functions of delay and in 
terval timers, opening or closing one 
x more switches after an adjustable 
period of time. Modular construction 
permits various standard elements to 
be added to basic unit to meet re 
quirements. Available in two princi 
pal variations: one for mounting in 
rear of control panels, within control 
cabinets and for other uses where tim- 


continued on page 84 


RECTIFICATION 





® More than doubles count life 
© Provides reliable operation from 25/40/50/60 cycles 
® Broadens range of permissible line voltage variation 


— these great improvements, achieved 
through built-in rectification of AC models — 


Make possible the unmatched count Assure CE-800 and PIC-600 per- 


life ratings of CE-800 and PIC-600 formance from AC Service not even 
counters shown below approached by non-rectified counters 


In addition to the above PIC manufactures 
Endurance Rated counters for every purpose, including 
® Stroke and Revolution Counters ® Automatic Batch Counters 

® A complete line of Actuating Switches for Electric Counters 


Whatever your needs see your PIC Representative or Distributor 
or write for literature. 


Sensitive Actuating Switch 
100 million count life 
one of several developed 
especially for counter actuation 


Pi Cc Manufacturers of Counters, Switches, Relays, Actuators and Automatic Vai/ves 
G AUTOMATION CONTROLS D/VIS/ION 
[16 GENERAL CONTROLS CO. 


8072 McCormick Boulevard, Skokie, Illinois 


Representatives and Distributors in Principal.Cities of United States and Canada 
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No. 17 of a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


Hill, Brown Fabrics Company, of 
Clifton, New Jersey, operate approxi- 
mately 100 Jacquard weaving looms 

Once started, a loom operates 
round-the-clock until the weaving run 
is completed. Occasionally, however, 
a tooth on the cast iron comb-like 
Griff Rack breaks. In order to repair 
the rack by brazing it must be re- 
moved from the loom, causing ship- 
ments to be delayed by as much as a 
day. 

Company engineers find they can 
now effect a temporary repair within 
minutes without removing the rack 
from the loom by using quick-setting, 
high-strength Eastman 910 Adhesive 
and thus complete the run on schedule 

Eastman 910 Adhesive is making 
possible more rapid repairs; faster, 
more economical assembly-line opera- 
tions and new design approaches. It 
is ideal where extreme speed of setting 
is important, or where design require- 
ments involve joining small surfaces, 
complex mechanical fasteners or heat 
sensitive elements. 

Eastman 910 Adhesive is used as it 
comes. No mixing, no heating. Simply 
spread the adhesive into a thin film 
between two surfaces. Light manual 
pressure triggers setting. With most 
materials, strong bonds are made with 
in minutes. 

What production or design problem 
can this unique adhesive solve for you? 


A 


{ ) Bonds Almost Instantly 
with Contact Pressure 
No Heat... 
No Catalyst... 


For a trial quantity (%-oz.) send five 
dollars to Armstrong Cork Co., Industrial 
Adhesives Div., 9109 Irvin Street, Lan 
caster, Pa., or to Eastman Chemical 
Products, Inc., Chemicals Div., Dept. P-9, 
Kingsport, Tenn. (Not for drug use) 

See Sweet's 1960 Prod. Des. File, 7/E 


84 CIRCLE 84 ON READER SERVICE CARD 


COMPONENTS * MATERIALS * PROCESSES 


. continued 


ing interval is changed infrequently; 
1 second for panel mounting, sup- 
plied with bezel-and-dome assembly, 
a dial assembly with interval adjust- 
ment and prewired 12-position termi- 
nal block. Can _ be with 
single, 15-amp SPDT load switch or 
two 10-amp, SPDT load 
Can also be supplied with 10-amp 
SPDT and 10-amp SPST for mo- 
mentary-contact actuation. 
are for operation at 120 to 240 v ac, 
50 or 60 cps. Adjustable time ranges 
of 6, 15, 30, 60 and 120 sec; 5, 10 
and 30 min.; and 1, 2, and 4 hr are 
offered. Haydon Div, General Time 
Corp, 245 E Elm St, Torrington, 
Conn. 

Circle 317 on Reader Service Card 


supplied 


switches. 


Timers 


Recentering magnetic clutch 
with over-all length of less than # in 
provides cavity for potentiometer 
winding, synchro windings or switches. 
This facilitates marriage of clutching 
with function to be performed. Re- 
centering spring torque is not applied 
until clutch is disengaged. Operational 
torque is thereby kept to min. Dual 
winding coil construction permits 12- 
or 24-v operation. Magnetec Corp, 
7232 Eton Ave, Canoga Park, Calif. 
Circle 318 on Reader Service Card 


Spring-return air clamps. . . 

are offered in models with |4-in. bore 
x l-in. stroke and 14-in. bore x 2-in. 
stroke. Available from stock at $7.75 
and $9 each, respectively. Bodies are 


when and 
where 


you 
need it 


HOTWATT nc 


CARTRIDGE HEATING UNITS 


give you the clean, fast, concentrated 
heat you need. A complete selection of 
sizes, sheaths, leads, terminals, wattage 
and voltage are offered to satisfy your 
most particular needs. And all Hotwatt 
Cartridges have these features as well 
as many others: 


Reliable operation. 


Precision-made stainless steel sheaths 
for stable, non-oxidizing contacts with 
cavities machined for these units. 


Designations are etched — not stamped 
— on sheath to preserve accurate shape. 


Standard units are moisture resistant 
hermetic sealing on special order. 


Arrangement of heating element as- 
sures maximum heat transfer, minimum 
core temperature, and consequently 
faster heating. 


Because of the exclusive design features 
of Hotwatt Cartridge Heating Units, 
they can be shipped to you faster. . . 
whether you order standard or special 
Hotwatt also 
offers low-cost ceramic-body units to 


units in any quantities. 
meet your specifications. 
Get your free copy of this 
12-page catalog with com 


plete details on the Hotwatt 
line by writing today. 


HOTWATT,INC. 


ELECTRIC HEATING SPECIALISTS 
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Zamak alloy and piston rods are 
ground and polished stainless steel 


For horizontal or vertical mounting 


Clamps feature U-cup piston packing 
and oil-type bearing for min friction 
Air inlet ports are 4-in. NPT. Allen- 


air Corp, 255 E 2nd St, Mineola, NY. 


svwenines AT YOUR. SERVICE 


Heavy-galvanized music wire . 
1S reported to offer 10 to 15 times 
more corrosion resistance than stand 
ard tinned music wire. Zinc coating 
1S to 7% bv weight. Said to elimi 
nate need of post plating. Galvanizing 
method developed for heavy coating 
gives smooth-drawn finish with forma 
bility said to be better than hot 
dipped finishes. Standard salt-spray 
tests confirm 72-hr resistance for wire 
from 0.040 to 0.060 in. dia. Made to 
standard music-wire specifications and 
priced same as tinned finish. Sizes 
range from 0.012 to 0.060 in. dia 
Samples are ivailable National- 
Standard Co, Dept RDT, Niles, 
Mich. pee pe 
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Whatever your problem, ACME 
Engineers are at your service to 
help you design the most efficient 
and economical way of using roll- 
er chains. The above illustrates 
how ACME engineers help man- 
ufacturers solve their problems. 
Over 40 years’ experience in 
scientific engineering research 
are embodied in the manufacture 
of ACME Roller Chains. The 
selective steel analysis for each 
chain part is based on bringing 
Fhp variable-speed drive... out the best physical qualities 
is said to have shortest over-all dimen- Shula : obtainable for strength, endur- 
sion and to be up to 15% lighter ance and long life. 
than competitive units. Speed ranges 
from 4660 to 1.2 rpm with up to 10:1 an = Write direct or call your nearest ACME 
variation are offered in 4-, 4- and 3 hp = > Distributor for prompt, efficient service. 
ratings. Retention of NEMA stand - He has the full cooperation of our en- 
; llcme gineering department. 
ard dimensions for shaft height and 1 wf Caain 


diameter permit substitution with 
standard motors. Electrical charac- 
teristics and enclosures include single 
ind three-phase units in dripproof, 


totally enclosed and explosionproof : @ 
. ~ . Write Dept. |-P 
housings. Can be foot-mounted in any fer new 100-pae0 
tas ; . illustrated technical 
position or can be furnished with face cohen iediedion cow F 
Con" 


F ’ ] > } engineering section 
mounting ‘bracket. Available with aaatee tated: of ete 


right-angle and helical gears. Sterling chain adjustments. MASSACHUSETTS 
Electric Motors Inc, 5401 Telegraph 


. y) 
Rd, Los Angeles 22. : COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS + DOUBLE PITCH 
Circle 321 on Reader Service Card | CONVEYOR CHAINS «+ STAINLESS STEEL CHAINS + CABLE CHAINS + 
FLEXIBLE COUPLINGS + STANDARD AND SPECIAL ATTACHMENTS 


ontinued on page 86 
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liaeiea 5527 Plastic Products 


BLACK NYLON BLACK NYLON BLACK NYLON 
CABLE CLAMPS SNAP CLIPS HALF CLIPS 


PERFORATED BLACK TEFLON CABLE ETHYL CELLULOSE THREADED NYLON 
NYLON STRAPPING CLAMPS CABLE CLAMPS 


O01 


MOLDED BLACK BLACK NYLON BLACK NYLON “D" WASHERS 
NYLON SCREWS CAP NUTS WASHERS 


P ?; WRITE FOR FURTHER DETAILS, SPECIFICATIONS AND PRICES 
YUpe2e3ZFP COM PANY 


5705 Northwest Highway ° Chicago 46, Ill. 
CIRCLE 205 ON READER SERVICE CARD 


Ba. SMALL 
7 D-C 
MOTORS 


1/100T01HP 


Speeds: 860, 1140, 1725, 3450 rpm. 
Voltages: 32, 115, 230 volts. 
Windings: compound, shunt, and series. 


Enclosures: for foot- or end-mounting; open, totally 
enclosed, explosion-proof, severe-duty, marine 
waterproof, Navy spraytight. 


Bearings: Ball or sleeve. 
Special ratings and speeds also available. 


Features: Long life, high efficiency, quiet operation 
because of close tolerances, dynamic balancing, and 
spirally stacked punchings. 


t R E ‘ Write to Section cp oe Schenectady, N. Y 
puuetin GENERAL (56) ELECTRIC 
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Variable-ratio transmission . . . 
is variable-ratio drive section of 65-hp 
constant-speed drive developed for US 
Navy use. Efficiency of transmission i 
reported to be more than 90% over ful: 
speed range. Drive is being used in am 
bient temperatures of —65 to 600 F with 
inlet oil temperatures up to 600 I Most 
applications involve oil temperatures in 
200 to 300-F range. Basic components of 
transmission are two toroids and thr 
rollers loroids are disks on the sam 
rotational axis with partial toroidal 
face cavities. Rollers, small disks, ha 
same diameter as cavity formed by toroid 
facing each other. Therefore, roller in 
be tilted in cavity to vary contact di am 
eters on each toroid. Tilting of | 
against toroidal surface results in infinitely 
variable 

f 


speed ratio. Mechanical preload 


ing oO ller-toroid components, through 
toroidal axis, permits transmission 
power by traction from input to output 
toroid Output speed can | se] 
manually of ontrolled automaticall 
Suitable for use in machine tools. Lycom- 
ing Div, Avco Corp, Stratford, Conn. 
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CLUTCH BRAKE 


Clutch-brake potentiometer . . . 
issembly is a single, permanently iled 
unit with common shaft and 
bearing Basic construction 
pancake-style clutch-brake unit with ext 
length shaft and potentiometer vindil 
upled to clutch/brake unit 
pecial machined endcap 
ructior said to eliminat 
backlash, shaft misalignment, end play 
und excessive bearing drag. Shock and 
acceleration forces in excess of ] g al 
reported to have no effect on performance 
these unit Reduction of mass of 
movable elements of system permits place 
ment of units in planes that are most 
advantageous to reliable operation of 
potentiometer and disregard possible effect 
of g-loading on clutch itself. Autotronics 
Inc, Dept 28, PO Box 208. Florissant, 
Mo. 
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Programing kit. . . 
enables breadboarding t 
ompon nt 

Packaged 


program | 


llows in 
holder 


t between two axes. Sealectro 


at any pom 


Corp, 139 Hoyt St, Mamaroneck, NY. 
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Magnetic pickup assortment... 
in experimental kit can used for variet 
yf outs 1 and pt l-measurem 
vith ranging 
iwh standard and | 
init 
il AN 
literature giving performan 
ing data Introductory pl 
Electro Products Laboratories Inc, 4500 
N Ravenswood Ave, Chicago 40. 
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Lettering pencil... 


j 
! 


fry 
rf 


id il) d | 

iber. Pen 

n] e W lead dispen 
ontaining 24 refills. Keuftel & Esser 

‘o, Third and Adams Sts, Hoboken, NJ. 
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CORRECTION 
Motor ( 


makes a high-rotor-im) 

t not servomet 

in Aug 15 

Other specifications 
eC Price for the 400- 
reported to have high torque-to-i 
ratio, varies from $148 for 
units to $114 for 100 


livery time, > to 5 mo 
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LONG LIFE, THOMSON “‘Snap-In”’ 

¢ 
IWAN pep 
a 
—BEARINGS of smooth, tough DuPont NYLON 



































Low Cost Low Cost Low Cost 
FLANGED Nyliner SLEEVE Nyliner DOUBLE-FLANGE Nyliner 


COST LESS to BUY 
COST LESS to INSTALL 
ELIMINATE LUBRICATION 


Additional Benefits: 


LOW FRICTION INSTANTLY REPLACEABLE 
LONGER LIFE RESIST POUNDOUT RESIST ABRASION 
ASILY . INSTALLED NO FRICTION OXIDATION MINIMUM SPACE 


7 . 
. a 
* - 
LESS SERVICING © DAMP VIBRATION @ SILENT OPERATION 
. * 
o . 


CLOSE FIT 


SELF-RETAINING OPERATE IN LIQUIDS LIGHTEST WEIGHT 
© RESIST CORROSION NON-CONTAMINATING REDUCED WEAR 


Engineered to Solve Problems . . . Improve Products . . . 
Reduce Costs! 


NYLINER Bearings are a highly engineered thin liner of DuPont Nylon designed 
to bring bearing users the many benefits of Nylon as a bearing material by solv 
ng most of the limitations surrounding its use. The compensation gap prin- 


ple assures maintenance of diametral tolerances for precision efelsiitaelilelal; 


en Standard Types available from stock. Write for literature and name of 


al representative who stocks NYLINER Bearings for immediate shipment 


/ +. THOMSON INDUSTRIES, Inc. 
AN S DEPT. 11,2 , NEW YORK 


\ 
Also— \ —Manufacturers of BALL BUSHINGS ... the Ball Bearing for Linear 
Motions and 60 CASE... Hardened & Ground Steel Shafting 





MEET JIC STAND 
BULLETIN 106A 


MAINTAINING perfect piston rod alignment 
on thrust and return strokes is an engineer- 
ing advantage of alli O-M Air and Hydraulic 
Cylinders. But this is not the only reason 
why Design Engineers specify these com- 
ponents. For example, O-M Cylinders are all 
steel with bronze bearings... are cushioned 
to relieve piston shock . . . make full-power 
starts, and the length of each stroke can be 
held to the tolerance desired. In acdition, 
O-M Cylinders can be mounted to deliver 
maximum performance in a horizontal, ver- 
tical or inclined position, and ports oriented 
to a convenient location. 

These and many other advantages of O-M 
Cylinders are covered in our 1960 Bulletins 
with construction and dimensional details, 
engineering drawings, capacity chart and 
mounting data. For your copies, MAIL 
COUPON TODAY. 


Bulletin 101A— Internal Key Tie-Rodless- 
Type Cylinders. Air 150 psi; Hydraulic up 
to 1500 psi. 

Bulletin 105A—I|Improved Tie-Rod (Heavy 
Duty) Cylinders. Hydraulic 2000 psi; 3000 
psi non-shock. 

Bulletin 107—Automation (Heavy Duty) 
Air Cylinder for 200 psi operation. 
Bulletin 108—Automation (Heavy Duty) 
Hydraulic Cylinder—for 1000 psi operation. 


All O-M Cylinders are availabie in 14%" to 8" bores 
wilh standard or heavy-duty rods. Complete line of 
mounts and interchangeable parts. immediate deliv- 
ery on most sizes. MAIL COUPON TODAY 


ee Ee ET ee 


| ORTMAN-MILLER MACHINE COMPANY 
15 143rd Street, Hammond, Indiana 
Send Bulletins 


Have representative Oo 101A CD 107 


1 
% C1) 105A) =) 108 


Position 


Zone Stote 


ee ee ee 
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Introduction to Space 


LEE A DuBRIDGE. Columbia University Press, 
2960 Broadway, New York 27. 5 x 8'/2, 93 
pp. $2.50. 


Here is a book for the individual 
who wishes to orient himself to the 
concepts, technology, and potentials 
of the Space Age. It reviews briefly 
what has already been achieved in this 
area and explains what can be ex- 
pected in the immediate future. It ex- 
plains how an artificial satellite works, 
what it can do, and the many tech- 
nological skills and specialized knowl- 
edge that it takes to make it operate 
at all. 

The book also describes the planets 
in our solar system and our first 
satellite—the moon—and distinguishes 
what of our knowledge about these 
bodies is certain and what is an edu- 
cated guess. Finally the book discusses 
the galaxies, where distances can be 
measured only in terms of billions of 
light years, and gives some knowledge 
of the vast field which science still has 
to explore and conquer 


Electrical Systems Design 


JOSEPH F McPARTLAND. McGraw-Hill Book 
Co Inc, 330 West 42 St, New York 36. 82 x 
11/2, 208 pp. $7.75 


This second edition presents stand- 
ards of good electrical-systems design 
found in practice, based on National 
Electrical Code. It covers electrical 
systems for power, light, heat, air con- 
ditioning, signals, and communica- 
tions. Engineering and applications of 
such systems in commercial, industrial, 
institutional, and residential buildings 
are explained in detail. Book ap- 
proaches system design by starting at 
the outlets to the load devices, and 
constructing the network of branch 
circuits and feeders back to the point 
of energy supply to the system. Cross- 
reference at end updates 1956 code to 
1959 code. 


2024 Aluminum in Low- 
Cycle Fatigue 


RICHARD D’AMATO, ROBERT DE _ BOER. 
PB161405 (WADC Technical Report 59-2). 
Office of Technical Services, Dept of Commerce, 
Washington 25, DC. 81/2 x 11, 70 pp. $2. 


From the detailed tests on speci- 
mens of 2024 aluminum alloy, is low- 
cycle axial fatigue, it was possible to 


estimate fatigue life of notched con- 
figurations from data by tests of un- 
notched specimens. Although exact 
correlation of data was not obtained, 
this work shows that there is some 
validity to extrapolating strain-cycling 
data of one configuration to obtain 
fatigue behavior on another configu- 
ration 


Statistics Manual 

CROW, DAVIS and MAXFIELD. Dover Publica- 
tions Inc, 180 Varick St, New York 14. 51% 
x 8, paperbound, 288 pp. $1.55. 

A manual—not a textbook—but a 
thorough review of those statistical 
techniques of interest to scientists and 
engineers in the design of experi- 
ments. Though chiefly prepared as a 
guide for employees of US Naval 
Ordnance Test Station (the examples 
are taken from problems in ordnance 
development) the range is broad and 
the explanations are clear and concise, 
making it a useful reference for any- 
one who must make proper interpreta- 
tion of experimental data. 

The approach is practical rathes 
than mathematical. Beginning with 
definitions of statistical terms and 
description of particular distributions 
(normal, binomial, poisson), it in- 
cludes a variety of common tests and 
methods for setting confidence limits. 
The authors discuss four common de- 
signs of experiments (full-factorial, 
fractional-factorial, randomized-block, 
latin-square) and methods of fitting 
curves to data via regression analysis. 
Sampling methods, particularly useful 
for quality contro] experiments, are 
also covered. The appendix includes 
32 tables and charts, some of which 
are not commonly found in the gen- 
eral-purpose statistical text. 


Other Books of Interest 


Differential Equations for 

Engineers 

P Franklin. Dover Publications Inc, 180 Varick 

St, New York 14. 51% x 8, 299 pp. $1.65. 
Unaltered paperback edition of a text first 

published in 1933. 


Drafting 
J W Geachine, H J Beukema. American Tech- 
nical Society, 848 E 58 St, Chicago 37. 6 x 
91%, 280 pp. $4.75. 
A text for training teachers of drafting. 
continued on page 91 
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The most dangerous solvents in the 3 
world pass through this valve! 


But it’s a safe passage. The 
Rocxwoop %” (Fig. 802) Self- 
Closing Ball Valve is designed for 
smooth, leakproof handling of highly | 
flammable liquids. A Rockwood | 
Exclusive! 

Take a typical installation at an | 
experimental station of one of the 
nation’s largest chemical com- | 
panies. Here 36 different solvents, 
ranging from acetone to xylene, are 
dispensed from bulk containers. 
All types of self-closing valves were 
tried and evaluated for this critical 
job. None equalled Rockwoop for > 
positive performance. 

Unique Rockwoop Full Round 
Flow design holds turbulence to an 
absolute minimum — keeps static 
at a low level. Flash potential is 
negligible, greatly reducing fire 
hazard. In addition, the exclusive 
“Spring Pressure Compensation” 
keeps ball and seat in snug contact 
— assures leakproof, dripless shut- 
off, compensates for wear. Bronze 
valve body and Teflon trim resist 
corrosion. After 11 months and 
103,200 open-and-shut cycles the 
company reports: trouble-free op- 
eration since installation. 

Be as safe and sure with your 
solvent handling. Send coupon for 
complete details on the Rockwoop 
Self-Closing Ball Valve. Tested 
and listed by Underwriters’ Lab- 
oratories, Inc. 


ROCKWOOD 
BALL VALVES 


ROCKWOOD SPRINKLER DIVICION » 
of The Gamewell Company + Subsidiary of E. W. Bliss Company 5 nockwome 


823 Harlow Street, Worcester 5, Massachusetts = 


Please send me complete details on the Rockwoop %” (Fig. 802) 
Self-Closing Ball Valve. 


| 
| 
FULL R FLOW | 
| 
| 
! 


Distributors in all principal industrial areas 
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DYNACO 
MASTER 


CATALOG 


128 PAGES! 


LISTS OVER 
50,000 DYNACO 
COMPONENTS 
AVAILABLE FROM STOCK! 
Gears ¢ Shafts « Differentials 


Transmission « Speed Reducers & Gearheads 


GEAR CO. INC. 
AMITYVILLE, 


NEW YORK 


CIRCLE 206 ON READER SERVICE CARD 


waterproof, 
shockproof, 


2 AMP mercury switch 


OPERATES ON ANY AXIS, 


costs just 40c" 


The HG 426MI is .500” diameter, 1-11/16” 
long and ideal as a washing machine lid 
switch, float switch, submerged switch, sump 
pump switch or refrigerated vending machine 
switch. 


FOR COMPLETE INFORMATION, WRITE OR CALL 


GrO OS 


257 GLENWOOD AVENUE 
CORPORATION BLOOMFIELD, NEW JERSEY 


PILGRIM 3.6800 
*0.E.M. quantities (10,000) 


SEE US AT BOOTH #124 INSTRUMENT SHOW 
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with a — 


_ on your 
crane hook! 


Automatically weion 


Simplifies Industrial Weighing — 
Anywhere Your Crane Will Reach 


ALL WEIGHING IS DONE ON YOUR CRANE HOOK 
ENGINEERED AND BUILT FOR LONG SERVICE-LIFE 

THERE ARE 110 MODELS IN THE COMPLETE LINE 
TARE ADJUSTING KNOBS FOR NET LOAD READING 

EASY-TO-READ DIALS AVAILABLE IN 3 SIZES 


HYDROSCALES 


queeanend HERE ARE SOME TYPICAL 


WEIGHING APPLICATIONS 


Just a few of the many applications 
include — loading, unloading, check 
weighing, batching, foundry charging, 
ond protecting your equipment from 
overloading. 


| HYDROWAY SCALES, INC. 
| 31298 Stephenson Highway * Royal Oak, Mich. 


“The world’s largest producer of crane scales” 
CIRCLE 207 ON READER SERVICE CARD 


They ore guaranteed to be 
free of defects in workman- 
ship and materials, and to be 
accurate to “2 of 1% of the 
maximum dial capacity 





PENINSULAR'S Team of 


9 Steel Service Centers 
working together to give you 


STEEL plus SERVICE 


America’s Largest independent Tool Steel Oistributor 


x gQAvYTONW 


fae ta" 


TOOL STEELS +« ALLOYS + COLD DRAWN + HOLLOGAR 


PRECISION GROUND STEELS + ORILL ROD + PLATE 


Over 40 Years of Gervice to industry 


ay PENINSULAR STEEL COMPANY (gi) 


Cc 24401 GROESBECK « P.O. BOX 3853 « DETROIT 5, MICHIGAN 
ere DREXEL 1-9400 « PRESCOTT 8-2121 


CIRCLE 208 ON READER SERVICE CARD 
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DESIGN LITERATURE 


Creep Bending and Buckling of 
Thin Circular Cylindrical Shells 


B Erickson, F W French, S A Patel, N J Hoff, 
J Kempner. National Aeronautics and Space 
Administration, Washington DC. 7% x 10%, 
49 pp. $1.25 


Energy and Man, a Symposium 


C C Brown. Appleton-Century-Crofts Inc, 35 
W 32nd St, NYC. 52 x 814%, 113 pp. $3.75 


Five authorities discuss production uses and 
significance of energy in past, present and 
future 


Steady-state Response of a 
Simple System with a 

Hysteretic Spring 

PB 161091. E R Rang. Office of Technical 


Services, Dept of Commerce, Washington 25 
DC. 8% x 11, 16 pp. 75¢. 


Rapid Loading of Aluminum 
Alloy Riveted Joints 


PB 161434. RT Ault. Office of Technical Serv 
ices, Dept of Commerce, Washington DC. 814 
x 10%, 16 pp. 75¢ 


ABSTRACTS 
FROM THE LITERATURE 


Statistics in Device 
Development 
(his is an extensive discussion and 
ase history of the application of sta 
theory and techniques to de 


velopment of electronic devices 
Curves, tables and discussion ot pro 
cedures are included 


The Use of Statistics in Device Development, 
G. J. Levenback. Bell Laboratories Record, 
Aug ‘60, 463 West St, New York 14 


How Reactive Atmospheres 
Affect Lubricants and Metals 
at High Temperatures 

Includes data on effects of sliding 
velocity on steel surfaces with and 
films of Fe,O,; 
effect of air on lubrication of cast 


without preformed 


Inconel riders sliding against Inconel 
disk with graphite lubricant; effect of 
number of chlorine atoms substituted 
in CF, on reactive-gas lubrication of 
mild steel specimens; effect of temper 
ature on wear and friction of metals 


“High Temperature Lubrication in Reactive 
Atmospheres,’ Johnson, Swikert, Buckley, Lewis 
Flight Propulsion Laboratory, NASA. Corrosion, 
Aug ‘60, 1061 M & M Building, Houston 2. 


Design of Buckling-column 
Springs 

[his type of spring consists of ini- 
tially straight and flat sections of steel 
strip subjected to compressive end 


loading between freely pivoted sup- 
ports. Equations, curves and tables 
give data for calculation of load-deflec- 
tion values, bending stress and other 
design criteria. 

“Design of Buckling-column Spring with Uni- 
form Rectangular Cross-section.” The Main- 
spring, April-May ‘60. Associated Spring Corp 
Bristol, Conn. 


CATALOGS 
AND BULLETINS 


lo obtain copies of literature described be- 
ow, circle corresponding number on post- 
card inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 92. 


ELECTRIC -MOTOR CONTROLS 
Pocket catalog 60, 56 pp. Descriptions, 
ratings and prices for manual and mag 
netic starters; drum controller; pressure, 
foot and limit switches; pushbuttons and 
related pilot devices. Furnas Electric Co, 
1050 McKee St, Batavia, Ill 

Circle 350 on Reader Service Card 


THRUST BEARINGS—Catalog PT-659, 
28 pp. Contains bearing selection and 
performance information, dimensions and 
load-rating tables of cylindrical-roller pre 
ision thrust bearings, as well as applica 
tion information. Rollway Bearing Co 
541 Seymour St, Syracuse, NY 

Circle 351 on Reader Service Card 


GYROS-—Technical brochure, 44 pp 
rhis third edition of the text covers theo 
retical considerations, performance, appli 
cation, construction and testing of gyro 
scopic instruments Contains diagrams, 
equations, charts, graphs, tables and photo 
graphs. Kearfott Div, General Precision 
In Little Falls, NJ 


Circle 352 on Reader Service Card 


rERMINALS AND CONNECTORS 
Catalog 60, 28 pp. Lists standard 
of terminals and connectors, with 
trations, dimensional drawings and de 
scriptions for each item. Includes refer 
ence charts for wire sizes, stud and 
stud-hole sizes, and decimal equivalents 
Electric Terminal Corp, PO Box 2217, 
Providence 5, RI. 

Circle 353 on Reader Service Card 


rESTING INSULATING MATERIALS 
Manual G-65, about 44 pp 


methods and equipment available for test 


Discusse 
ing of insulating materials. Gives speci 
fications of various testers Associated 
Research Inc, 3777 W_ Belmont Ave, 
Chicago 18 

Circle 354 on Reader Service Card 


AIRCRAFI 


parts directory, 10 pp. 


FASTENERS — Numerical 
Publication, a 
revision of earlier edition, identifies 167 


standard aircraft fasteners by configura 
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tion, specification number and generic 
name. Consists of 8-page directory of 
133 NAS, AN and MS fasteners and 
related parts and 2-page insert of 34 com 
pany standards. Two views of each is 
shown. Standard Pressed Steel Co, Box 
545, Jenkintown, Penna 

Circle 355 on Reader Service Card 


INDUSTRIAI MINIATURE ol 
TIGHT PUSHBUTTONS Bulletin 
GEA-7127, 10 pp. Dimensions, rating 
outlines and illustrations of various forms 
are stations and 
Schene 


ivailable Also shown 
enclosures. General Electric Co, 
tady 5 


Circle 356 on Reader Service Card 


ASSEMBLIES 


Lists types and 


FLEXIBLE SHAFT 
Catalog 6094, 12 pp 
sizes of standard light-duty flexible shafts 
and flexible shaft couplings, as well a 
related components. Typical core proper 
ties are given. Kupfrian Mfg Corp, 137 
Prospect St, Binghamton, NY 

Circle 357 on Reader Service Card 


SCANNER RE 
Describes 


hanging 


PHOTOELECTRIC 
LAY—Bulletin PE-5 2 pp 
idjustable time delay between 
of light. With dimensions, typical appli 
itions, timing range and actions. Farmer 
Electric Products Co Inc, 2300 Wash 
ngton St, Newton Lower Falls, Mass 
Circle 358 on Reader Service Card 


FOR MACHINI 
() itlin 


CONTROL TAPE 
rOOLS—Builetin 1313, 2 pp 

ical properties and specifications of 
fiber control tape for machine tool con 
trol and data processing application 
National Vulcanized Fibre Co, 106 
Beech St, Wilmington 99, Del 


Circle 359 on Reader Service Card 


FRONT-MOUNT AND PLUG-IN 
DIAL TIMERS—Data sheets 86 and 87 
2 pp each. Describe availabili f fron 
panel mounting for ompan timer 
ind plug-in dial timer with safety and 
onversion features. Illustrated with phot 
ind drawings. Automatic Timing & Con 
trols Inc, King of Prussia, Penna 
Circle 360 on Reader Service Card 
rUBING FOR AIRCRAFT AND MIS 
SILES—Bulletin 372, 12 pp. Information 
haracteristics required for 
pecific application and analyses and 
f tubing usually furnished. AMS, AN and 
MIL specifications are listed where appro 
riate. Superior Tube Ci 
town Ave, Norristown 
Circle 361 on Reader Service Card 


vers tubing 


1556 German 


Pe nna 


SPOOL-TYPE HYDRAULIC VALVES 
Bulletins 3.1, 3.2, 3.5, 3.6; 1 p each 


Covers spring-centered, spring-offset and 


r 
detent models for use where flow is 3 


continued on page 92 
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ave Threading Costs! 


GET YOUR THREADS FREE 


by fastening with 


PALNUT SELF-THREADING NUTS 


Automatically form deep, clean threads while 
turning on unthreaded studs, rods, wire and pins 


3 

















¢ Low in price 
e Easy, fast assembly 
¢ Strong, vibration-proof grip 


Spring-tempered steel PALNUT Self- 
threading Nuts apply like any ordinary 
nut, using standard tools or PALNUT high- 


WASHER TYPE—STYLE SD speed magnetized wrenches. Always as- 


semble perfectly—even on off-angle studs, 





One-piece self-threading nut performs 
functions of ordinary nut, lockwasher 
and flat washer. Resilient washer base 
avoids distortion of sheet metal or 
damage to fragile parts. Several base 
diameters; also with bonded-in plastisol 
compound to seal out water and dirt. : 
Sizes for Ye", 5/s2”, Ae” and Ya” dia. material 
studs and rod. 


in confined space, against curved surfaces 
Provide vibr ation-proof grip, seated or 
unseated. May be removed and re-used on 
same stud. Use them on zinc die cast studs, 
plated or unplated; also steel, brass, alumi- 
num, high-impact plastic or any malleable 


REGULAR TYPE—STYLE SR ACORN TYPE—STYLE SC 


For assemblies where space is limited. De orative, dome-shaped self-threading 
Uses shorter studs, less seating area. nut covers end of studs or rods to pro- 
Competitive with push-on fasteners, tect against scratching, snagging or 
assembles fast, assures tight assemblies. tearing, while adding a pleasing ap- 
May be used with internal wrench. pearance. Costs less than threaded cap 
Sizes for Ve", a2” and "6" dia. rod, in nuts. Sizes for Ye", 5/2” and Ae” dia. 
various hex widths. studs and rods. 


Write for Bulletin 585-A and Free Samples, 
stating style, size and application. 


THE PALNUT COMPANY 

® Division of United-Corr Fastener Corp 

| l | 65 Glen Road, Mountainside, N. J. 
Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 


= LOCK NUTS and FASTENERS 


DESIGN LITERATURE.........continued 


gpm or less and operating pressure is U to 
2000 psi. Sarasota Precision Products 
Inc, 5757 McIntosh Rd, Sarasota, Fla 

Circle 362 on Reader Service Card 


INERTIALLY DAMPED SERVOMO. 
TOR —Data sheet, 2 pp. Electrical, me 
chanical and physical characteristics of 
size 1] precision, high-temperature, iner 
tially damped servomotor. With outline 
drawing, schematic and torque curve 
John Oster Mfg Co, Avionic Div, Racine, 
Wis 

Circle 363 on Reader Service Card 


PRINTED CIRCUITS ON METALS, 
CERAMICS, GLASS—Catalog sheet, 2 
pp. Describes how insulation and direct 
printed silver circuits can be applied on 
curved or irregularly shaped surfaces on 
metal, ceramics or glass. J Frank Motson 
Co, Flourtown, Penna 

Circle 364 on Reader Service Card 


SELF -POWERED TEMPERATURE 
REGULATOR-—Bulletin 635, 2 pp. Di 
es line of automatic, self-powered tem 
regulators for control of temper 
of piped fluids in original equipment 
Sarco Co Inc, 635 Madison Ave, New 
York 22 
Circle 365 on Reader Service Card 


FORGED-STEEL NEEDLE VALVES 
AND FITTINGS—Bulletin 420, 4 pp 
Specifications and dimensions of needle 
valves and fittings used for gas measur 
ment and control applications. American 
Meter Co, 920 Payne Ave, Erie, Penna 
Circle 366 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 
Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


GEARS AND SPEED REDUCERS 
Catalog 600, 246 pp. Sizes, ratings and 
specifications of line of gears and speed 
reducers. Also covers proper selection of 
gears and reducers for specific require 
ments. Ohio Gear Co, 1333 E 179th St 
Cleveland 10. 


NODULAR CAST IRONS—Bulletin 47, 
5 pp Provides specifications for five dif 
ferent types of ductile cast iron, with 
illustrations of typical castings made of 
this metal. Meehanite Metal Corp, 714 
North Ave, New Rochelle, NY 


AIR-CONTROL VALVES—Catalog, 40 
pp. Covers in-line, two- three- and four 
way valves and subbase-mounted four 
way, five-port valves. Includes valve selec 
tion and parts tables and cutaway drawings 
of valves showing design features and con- 
struction. Hoffman-Odom Co, 2360 W 
Dorothy Lane, Dayton 39, Ohio. 
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REPRINTS 


Reprints currently available without charge 
are listed on the Reader Service Card 
bound in this issue. Single copy free; 
quantity prices on request 

The following special reports are availa 
ble as long as the supply lasts, from Reader 
Service Dept., Product Engineering, 330 
W 42 St, New York 36. Please enclos 


remittance with order; we pay postage 


R48—Reinforced Plastic Parts 

Combined reprint of 11 articles giving 
design data on the seven processes for 
commercial parts. 64 p $2 
R66—The European Engineer Talks 

The challenge to American proficiency in 
design for production disclosed by inter 


views with technical directors in six coun 
tries. 24 p $1 
R16—Plate Cam Design 

Series of 7 articles with complete design 
data; curve blending and profile synthesis 
to reduce inertia, 48 p $1 
R65—Reading, Writing, Reporting 
Combined reprint of: 5 steps to faster 
reading; 8 steps to better writing; 7 steps 
to better reporting. 24 p $1] 
R46—Manual of Reliability 

How to design for reliability, human fac 
tors, statistical tools; implementing the 
program, 32 p 50¢ 
R22—Engineering Organization 

Study of 50 companies shows changes 
brought on by product planning, 24 p. 25¢ 
R21—Engineer’s Bookshelf 

Annotated bibliography of technical books 
for the design engineer. 24 p 25¢ 
R67—Heat Protectors for Motors 
Response and accuracy of all types 
R64—Bonded Solid Lubricants 

Data on new high heat types 25¢ 
R63—Hydraulic Couplings for Geared 
Drives 

How to soften shock and cut cost 25¢ 
R62—High-Speed Photography 

How it can solve design problems 
R61—Angular Errors in Gearing 
Equations predict seven effects 
R60—Journal Bearing Design 

New equations and design charts 
R58—How to Avoid Hose Failure 

For metal hose; all known causes 
R57—Miniature Lamps 

Compromises faced: what to specify 
R56—Buckling of Coil Springs 

How to predict 25¢ 
R53—Significance of Wk° 

Selecting motors for high inertia loads. 25¢ 
R51—Solder Fluxes 

Selection guide covering all types. 25¢ 
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mediums 
pressure vessels 


for buoyancy 
fluid chambers... 


Precision welded, these floats give long, trouble-free service under 
pressure or corrosive conditions for which they are specifically made. 
That’s why they’re second to none for real economy. Spherical, 
elliptical or cylindrical . . . for working pressures up to 2500 lbs. 
Diameter sizes from 2” to 14”. Walls uniformly thick because float 
halves are die formed . . . not spun, laminated or electro-deposited. 
Annealed to prevent cracking. Seams all butt welded. Steel floats: 
chromium, cadmium or copper plated. Also available unplated, with 
sandblast or pickled finish. Stainless Steel and Monel floats: rough 
buffed, polished or with smooth, highly finished welds. Let’s tell you 
more about these high tensile strength floats. 


This Coupon Brings You Informative 
Bulletin On Floats 


Bulletin 753 contains facts on steel, stainless steel and monel floats, 
information on float connections, tables showing weight, buoyancy and 
collapsing pressure for spherical floats for all gauges . . . also volume 
and buoyancy data. Fill in and mail this coupon for your copy. 

Name 

Title 

Company 

Street 


Zone State 


W. H. NICHOLSON and COMPANY 
12 Oregon St., Wilkes-Barre, Pa. 


ICHOLSON 


of Wilkes-Barre 
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NICHOLSON WELDED FLOATS 
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“TORQUE WRENCH”: 


| MANUAL 7 


SENT 
UPON REQUEST % 
Formulas ) 


Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 
General Principles 


pa Sturtevant [co : 


ADD/SON [QUAL ‘7 y/ /LLINOIS 
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TRACINGS 
PRINTS * SHEET MATERIAL 


QUICK, FILING AND WITHDRAWAL 





" 22%" 30%" 36%” 42%” 


4942 
$14.80 


4936 
$13.80 


4930 
$12.80 


49 Tube 
1%” LD 
MODEL 


25 Tube | 2548 
2% ” Lo i $7 00 


49CD 
$9.50 


49 AB 
$7.50 


2542 
$13.80 


2536 
$12.80 


25CD 
$9.00 


2530 
$11.80 
Shipping Weight 

12 Ibs. 15 Ibs. 18 Ibs. 


10 Ibs. 13 Ibs. 15 Ibs. 
MED. GRAY 


Model 49 8 Ibs 20 Ibs 
Model 25 6 Ibs. 


ENAMELED 








Designed to 
Mount Under 
Boord—Mount- 
ing Brackets 
Sold in Sets Only— Furnished 
2 IR36 Per Set 


* SOLD DIRECT ONLY 
F.0.8. St. Clair Shores, Mich 


ROLL & FILE SYSTEMS, INC. 


8 Ibs. sain. we 


Write to Dept. BP 
« PRescott --2515 


P.O.BOX 3663 B 
DETROIT 5, MICH 
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INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 








After reading the advertisements classified below 
using the READER SERVICE CARD 


these products can be obtained by 


a 


Adhesives se 
Air Motors (see Motors, Air) 
Aluminum Alloys 


Balls 33 
Bars 
Metal 
Bearings 
Ball 
Miniature 
Roller 
Bushings 


22-23 
33, 87 
40 
4th Cover 

87 


Ceramics 
Chains 
Conveyor 
Roller 
Clamps 
Clips 
Clutches 
Mechanical 
Controls 
Electrical 
Conveyor Belts 
Counters 
Couplings 
Mechanical 
Cylinders 
Hydraulic 
Pneumatic 


Decalcomanias 
Die Castings 
Differentials 
Drafting 
Supplies 
Drives 
Timing 
Variable Speed 


E 


Engineering Services 
duction Services) 


(see also Pro 


Fastening Methods 
Fiexible Couplings 
Floats ; 


G 
Gear Motors (see also Motor Re- 
ducers) ° ° 


Gears 80, 


Hard Surfacing 
Heating Units 


M 
Moldings 
Piastics (see Plastic Parts) 
Powdered Metal (see Powdered 
Metal Parts) 
Rubber (see Rubber Parts) 


MORB DETAILED INFORMATION about 


Motors, A-C 
Fractional 

Motors, Air 

Motors, D-C 
Fractional 
Sub-Fractional 


Plates 
Alloys 


Name 
Nickel 
Nuts 


Pillow Blocks 
Plastic Parts 
Plastics 
Powdered Metal Parts 
Production Services (see 
neering Services) 
Pumps 
Liquid 


10, 


also Engi 


Regulators 
Pneumatic 
Relays 
Reproduction 
Resins 
Rubber 
Rubber 
Rubber 


Supplies 


Bonded -to-Metal 
Parts 


Scales 

Screws 

Seals 

Sheets 
Meta! 

Solenoids 

Specialty Fasteners (Pipe 
Special Cold Headed Parts, etc.) 


Speed iIncreasers & Reducers 

Sprockets , 

Steel 
Alloy 
Tool 

Switches 


30-31, 


Tables, 
Tools 
Transmissions 
Tubing 
Coated 
Flexible Metal 
Lock-Seam 
Welded 


Dial-Feed 


Valves 
Hydraulic 


Wire Cloth 


42 


Hangers, 
27, 44, 
22-23, 
52, 83, 


90 


86 
2nd Cover 


46 
7 


26 
50 
90 
85 


36 
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INDEX TO 
ADVERTISERS 


This index is published as a convenience to the readers. Bvery care is taken to make it accurate but 
PRODUCT BENGINBERING assumes no responsibilities for errors or omissions 


Acme Chain Corp bale 85 
Aluminum Co. of America 39 
American ee Co., Plastics & 
Resins Div. .. 10 
Armco Steel Corp. .1s- 19 
Automatic Switch Co 3rd Cover 


Black Tool, Inc ; - 
Bundy Tubing Co... -<an . 4 


Cambridge Wire Cloth Co 
Chicago Rawhide Mfg. Co 
Coors Porcelain Co. 


sce. OO 
2nd Cover 
. 48 


Deico Moraine OW General Motors 
Corp. . 
Detroit Coils Co eves : 
Dow Chemical Co .42- 
Dynamic Gear Co., Inc - 


Eastman Chemical Products, Inc., 
Chemicals Div. ae . 


Faber-Castell Pencil Co., Inc., A. W. 

ee Mfg. Co., Inc 
Ferguson Machine Corp., 
versal Match Corp v 

Firestone Tire & Rubber Co., Indus- 
trial Products Div 

Flexible Tubing Corp 


Subs., Uni- 


General Controls Co., 
Controls Div. 

General Electric Co., Apparatus Dept. 

Gordos Corp 

Gries Reproducer Corp 


Automation 


Hoover Ball & Bearing Co., 
Hotwatt, Inc 
Hydroway Scales, inc 


Ball Div. 


Inland Steel Co 
International Nickel Co., Inc 


Keuffel & Esser Co 


Lamb Electric Co 

LaSalle Steel Co 22- 

Ledex, inc. 

Linde Co., Div. of Union Carbide 
3 


Corp. 
Link-Belt Co 


Meyercord Co., Name Plate Div 
Micro Switch, a Div. of Minneapolis 
Honeywell Regulator Co . 30-3 


Nice Ball Bearing Co., Div of 
Channing Corp. 7° 

Nicholson & Co., W. H 

Norgren Co., C. A 


Ortman-Miller Machine Co 


Painut Co., Div., United-Carr Fas- 
tener Corp. , ; 

Peninsular Steel Co 

Philadelphia Gear Corp 


Rockford Clutch Div., Borg-Warner 
Corp. . ; 

Rockwood Sprinkier Div. of The 
Gamewell Co. ne wwe 

Roll & File Systems, Inc 

Roper Hydraulics, Inc 


South Chester Corp., Southco Div 

Stratos Div., Fairchild wapne & Air- 
plane Corp. F 

Sturtevant Co., P. A. 
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Thomson Industries, Inc — . 
Timken Roller Bearing Co 4th Cover 
Tinnerman Products, Inc 50 
Torrington Co., Specialities Div 2 


Wagner Electric Corp 96 | 


Waldron- Hartig Div., Midiand- Ross 
Corp. ; 


Weckesser Co. 





LLOYD R. 
manager 

P. F. PRITCHARD manager, market develop- 
ment 

THOMAS R. COASH circulation 

RUSSELL T. DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 3 Ray K. Burnet, 1301 
Rhodes-Haverty Bldg, Jackson 3-6951 
BOSTON 16... M. A. Williamson, Jr., 
350 Park Square Bldg, Hubbard 2-7160 
CHICAGO 11... Mid-Western Adv Sales 
Manager, A. E. Meanor; R. W. Bruley, 
L. Anderson, 520 N Michigan Ave, 
Mohawk 4-5800 
CLEVELAND 13 . 
Illuminating Bldg, 55 
Superior 1-7000 
DALLAS 1 . John Grant, 901 Vaughn 
Bldg, 1712 Commerce St, Riverside 
7-5117 
DENVER 2 John W. Patten, Tower 
Bldg, 1700 Broadway, Alpine 5-298] 
DETROIT 26 P. B. Robinson, 856 
Penobscot Bldg, Woodward 2-1793 
HOUSTON 25... Gene Holland, W-724 
Prudential Bldg., Jackson 6-1281 
LOS ANGELES 17 Robert Obenour, 
1125 West 6th St, Huntley 2-5450 
NEW YORK 36 . B. K. Adams, F. J. 
McKinley, 500 Fifth Ave, Oxford 5-5959 
PHILADELPHIA 3 John B. Lewis, 6 
Penn Center Plaza, Locust 8-4330 
PITTSBURGH 22 C. F. Leveroni, 4 
Gateway Center, Express 1-1314 
ST LOUIS 8... R. W. Bruley, 3615 Olive 
St, Continental Bldg, Jefferson 5-4867 
SAN FRANCISCO 4... W. C. Woolston, 
68 Post St, Douglas 2-4600 


SUBSCRIPTIONS, Send aupeceiptien corre mdence 
and change of address Fulfillment anager, 
PRODUCT ENGINEERING, 530 W 42nd 5 

York 36, N bers shou 

Manager 
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Public Sa, 
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OFFICERS OF THE PUBLICATIONS DIVISION: Nelson I 
——— Shelton Fisher, Wallace F. 
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resident and Treasurer; John J. Cooke, Secretary 
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LAWRENCE advertising sales | 





Specify 
SPECON for 


VARIABLE 


SPEED 
DRIVES 


electrical and mechanical 





from Y¥2 to 75 hp. 
output speed ranges: 
0-100 to 0-7000 rpm 
smoothly adjustable 
through zero speed 
draw accuracies of .01° 


full torque at zero speed 


These are just some of the 
outstanding characteristics of 
Specon variable speed drives. 
Rugged, reliable and requiring 
minimum maintenance, they permit 
infinitely fine adjustment of 

a speed with accuracie 
approaching fixed gearing 

Specon drives also feature 
shockless starts and acceleration, 
and provide output 
speeds up to 7000 rpm while 
maintaining zero speed features 


full reversing, 


end .for FREE data booklet on 


Specon variable speed drive 


STRATOS 


A OUVISIOM OF FAIRCHILD COGINE & AIRPLANE CORPORATION 


INDUSTRIAL PRODUCTS BRANCH 
#42, Route 109, West Babylon, N. Y. 


+ 
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This Wagner Motor can save you 


up to 30% in costs on air-moving equipment 





WAGNER ’s the Wagner Air-Over N cen i l i air- 
an CFE terrors It's the gner Air r Motor specifically designed for air 
ror ' moving applications in which a propeller or axial flow fan is mounted 


ALLY ENCLOSEO Ty 
THREE PHASE 
T 


on the motor shaft. 

Save you up to 30%? Yes, for Wagner Air-Over Motors can deliver 
more power than their rated horsepower output. For example, as 
shown on the chart at left, a 5 horsepower rated motor installed in 
a fan or blower which delivers about 4,000 feet of air per minute is 
capable of delivering 7 horsepower. You get more work from a 
smaller motor... at costs up to 30% less. 

Wagner Air-Over Motors are suitable for either horizontal or 
vertical mounting. They are totally-enclosed, nonventilated NEMA 
Design “B” motors (normal torque—normal slip). You can use them 
in cooling towers, crop dryers, exhaust systems, air-cooled heat ex- 
changers and condensers . . . any air-over fan and blower application. 

Specify Wagner Air-Over Motors for all your 
air-moving equipment applications. Your prod- 
ucts will operate at peak efficiency for years, 
need less service and fewer repairs. And, you'll 
give your customers equipment powered by 
motors they know . . . motors that have a reputa- 
tion for long, dependable service. 

Call your Wagner Sales Engineer now . . . get 
the whole Wagner Air-Over Motor story. There 

are Wagner Branches in 32 principal 
cities across the country. 





Wagner Electric @rporation’ 


6406 Piymouth Ave., St. Louis 33, Mo. 





ot Ne ee a i 
400 «6600 200 1600 2000 2400 2800 3200 3600 4000 4400 


AIR VELOCITY (F.P.M.) OVER FRAME SURFACE 
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PERSONAL READER SERVICE 


USE ATTACHED CARDS . » »« Data on Materials and Components 


FOR PERSONAL COPIES **  aaeaaamed 


Brochures on Advertised Produc’ 


OF ADDITIONAL | | | Personal Suscriptions to 
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PRODUCT DESIGN DATA 








ew data on product 





} 
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umbers printed under p A 
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sement. New Product 


Bait oughout this issue PRODUCT ENGINEERING 


nbe prefaced 330 WEST 42nd STREET 
tter ‘op’ 
lable far « NEW YORK 36, N. Y 
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popular issue 
pol PRODUCT ENGINEERING 


re than O0U00U pages o 
information . . . or- 330 WEST 42nd STREET 


ndexed for ready 


NEW YORK 36, N. Y 


see page 100 tor fur 





ADD TO YOUR DESIGN REFERENCE FILE FROM 


EDITORIAL REPRINTS AVAILABLE P52—-SELECTING SOLENOIDS 


S ngle reprints free 


AL TOLERANCES 6 NTEGRAL BALL BEARINGS 
DUTY BELT DRIVES 


C GEAR SYSTEMS 


ANALOG FOR HEAT FLOW 


WEAR OF ROLLING SURFACES DIGITAL STORAGE DEVICES 


PNEUMATICS SIMULATES TAPERED CANTILEVER BEAMS 


ELECTRONICS 


PLASTIC CAMS 


ALUMINUM ALLOYS 


RESPONSE EQUATION 


ACCELEROMETER 


DIMENSIONAL STABIL 
PRECISE PARTS 


NEW CATALOGS 
AND BULLETINS 


SENERA ENGINEERING 


N PROCESS 
>N 


TENING AND JOINING 


ENGINES AND C 


TRICAL, ELECTRONIC 
MPONENTS 





THIS WEALTH OF VITAL INFORMATION . . 
NEW COMPONENTS MECHANICAL PARTS ELECTRICAL, ELECTRONIC 


MPONENTS 


GENERAL ENGINEERING 


RESEARCH AND TEST EQUIPMENT 


FASTENING AND JOINING 


METALS AND ALLOYS 


MOTORS, ENGINES AN 
FABRICATION PROCESSES AND 
PRODUCTION 


PRODUCT 
POWER TRANSMISSION eVQiwe & rin« 
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HYDRAULIC, PNEUMATIC EQUIPMENT 
PRODUCT 
330 WEST 


NEW YORK 





For The Non-Subscribing Reader 
A Personal Copy of the 500-Page 


ed oe Oe) S| oe 


ENGINE E RING 


design digest issue 


Publisher 
PRODUCT ENGINEERING 


ENGINEERING 


1960 
ANNUAL 
DESIGN 
DIGEST 
ISSUE 


DELIVERED POSTPAID 
NO EXTRA COST 
a new subscriber 


RODUCT ENGINEERING 


Here’s your chance 


to get a copy of 


the year’s most 
sought-atter 
ESIGN HANDBOOK 


WIiTHOU PAYING 
A PENN ADDITIONAL COSI 
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ASCO Close-Differential Relays provide dependable, low-cost 
protection from under and over voltage. 
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ASCO Electromagnetic Control 
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How John Deere assures better boom action, 
cuts maintenance in 51” Backhoe 














To assure extra ruggedness and better boom action in 
their “51” backhoe, John Deere engineers designed 
the pivot shaft with Timken® tapered roller bearings at 
both upper and lower ends (above). This design re- 
quires unusual rigidity because the swing cylinder is 
integral with the pivot shaft. Timken bearings help 
provide this rigidity. And they have the high load- 
carrying capacity needed in trench-digging and ex- 
cavating machines. 


ENGINEERING SERVICE ON-THE- 
SPOT. Often our graduate engineer 
salesmen can solve your bearing 
problems right in your shop or at 
the drawing board, save you time, 
money. 


CIRCLE 203 ON READER SERVICE CARD 


ROLLERS ARE INSPECTED under a 
powerful lens. A minute surface 
flaw, outside our standard of manu- 
facture, will cause rejection. It’s 
another way we assure quality. 


Construction equipment builders have depended 
upon Timken bearings for more than 40 years because: 
1) Their taper lets Timken bearings take heavy radial 
and thrust loads in any combination. 2) Timken 
bearings hold shafts concentric with their housings, 
making closures more effective in keeping lubricant 
in, everything else out. Maintenance is reduced. 
Machines work steadier, longer. 





Industry rolls on 


tapered roller bearings 











The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable: 
“TIMROSCO”’. Makers of Tapered 
Roller Bearings, Fine Alloy Steel and 
Removable Rock Bits. Canadian Div.: 
Canadian Timken, St.Thomas, Ont. 
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